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COAGULATION, FLOCCULATION AND SEDIMENTATION 

D. B, Williams 
Water Works Chemist 

Public Utilities Commission 
Brantford 



INTRODUCTION 

No attempt is made here to exhaust this subject, 
impossible in a single lecture, the sole purpose being to 
present general principles, basic information and some 
practical guidelines. 

Most well waters are sufficiently clear that they 
need no further treatment and, therefore, we will dispense 
with any discussion of them. 

Our sole concern is those waters derived from 
lakes, rivers, canals, ponds etc. which are classed as 
"surface waters". In rare cases, such as at Vancouver and 
Halifax, the waters are sufficiently clear that they need 
no treatments of the type indicated by the title of this 
lecture, but these waters are the exception rather than 
the rule . 

Most surface waters are turbid, which means 
"having a cloudy appearance" and they do require to be 
filtered to meet the requirements of a discerning public. 

The turbidity, or cloudiness, in a surface water 
is generally due to a combination of substances suspended 
in the water and may include mud, clay, silt, organic matter, 
algae and bacteria. 



SOLUTION VS SUSPENSION 

It is important to realize that these substances 
are merely suspended in water and are not by any means in 
true solution. To understand this fine distinction common 
table salt can be dissolved in water and it is then in true 
solution and cannot be settled or filtered out. On the 
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other hand, substances of the nature of ordinary baking 
flour, clay, and carbon black cannot be made to dissolve 
in water but can be stirred into water as a suspension 
and these substances can be settled and filtered out of 
the water. 



FILTRATION - ONLY A PARTIAL CURE 

\^en we find mud, clay, silt, algae etc. suspended 
in a raw water one of our first concerns is to remove such 
substances by means of filtration. In the early days the 
slow sand filters would remove these substances quite well 
if the initial concentration of turbidity substances in the 
raw water was quite low. Slow sand filters had the disadvantage 
of not being able to handle waters of high turbidity, were very 
high In capital cost per gallons of water produced, and required 
a high manual labour maintenance cost, therefore, they were 
replaced by the Rapid Sand Filter and it is this filter that 
will be our only consideration here. 

When a novice enters the water works industry he 
often falls into the erroneous belief that rapid sand filters, 
alone, will remove all suspended matter from water without 
any assistance from any other type of operation -- nothing 
could be farther from the truth. Rapid sand filters require 
maximim assistance from the processes known as coagulation, 
flocculation and sedimentation. No filter can be any better 
than the preparation given to the water prior to filtration. 

The whole concept of water passing through the sand 
in the filter is very similar to a stream of air passing through 
an ordinary wire window screen. If the stream of air contains 
ordinary fog there will be just as much fog coming out of the 
screen as had entered it. Similarly, if the water entering the 
sand bed contains uncoaguiated turbidity there will be almost 
as much turbidity coming through the sand bed as has entered 
it. 

However, in the case of the fog in a stream of air 
passing through a wire screen, if we first chill the air to 
such a low temperature that the fog particles condense into 
snow flakes we then find that the snow flakes are sufficiently 
large that they are readily retained by the wire screen and 
only clear air passes through the screen. Similarly, if we 
can cause the finely divided suspension of mud, clay, silt, 
etc. in the water to become collected together into much 
larger particles these larger particles can be retained by 
the sand and only clear water will pass through. 



Obviously, if there are too many snow flakes in the 
stream of air the wire screen will plug so rapidly that not 
even air will pass through and, similarly, if there are too 
many large particles of coagulated turbidity entering a 
filter, it will also plug far too rapidly to the extent that 
even water will not pass through. This dilemma is solved by 
removing a high proportion of these particles by sedimentation 
(settling) prior to filtration. 

SEDIMENTATION - ONLY A PARTIAL CUKE 

One is often asked why all water works are not 
equipped with reservoirs for the sole purpose of permitting 
all suspended substances to be settled out of the water and 
if this were properly done we could dispense with the necessity 
of filters. The answers are that natural settling is generally 
so slow that any such reservoirs would require to be of enormous 
size, posing a capital expenditure problem and a site location 
problem, plus also the fact that some of the suspended sub- 
stances, such as some of the algae and some of the clays, will 
not settle out. 

BASIC PRINCIPLES OF COAGULATION AND FLOCCULATION 

Thus, there is the real necessity to cause the 
finely divided turbidity substances in the raw water to 
collec'" ro",ether into larger clumps in a fairly short time 
so thai some of these larger particles can be settled out 
and the remainder retained by a filter. The collecting 
together of the finely divided particles into larger clumps 
in a fairly short time so that some of these larger particles 
can be settled out and the remainder retained by a filter. 
The collecting together of the finely divided particles 
into larger clumps is called coagulation and f locculation. 
In water works practice it is accomplished by the use of 
certain chemicals, called coagulants, which, when added to 
the raw water under certain conditions, will produce certain 
effects. 

Let us take the most commonly used coagulant, 
aluminum sulphate (generally called alum), and add it to a 
turbid (muddy) water and note what happens. First we should 
realize that mud, clay, r.ll( and oLher particulate matter 
generally has an electrical dinrge on each particle and 
generally this electrical charge is negative. Since like 
charges repel we then realize that the water contains billions 
of charged particles all trying to repel each other, no wonder 
then that settling will not take place, or if it does it may 
take weeks or months. Obviously, we must either get rid of 
these electrical charges or at least neutralize them. 
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So we add some aliMi (alyinlnum sulphate), which 
happens t0 be ao, acid salt. Within the first few S'.econds 
the alum reacts with certain naturally occurring minerals 
of an alkaltne nature in the water and we will take as •our 
example calciiflE bicarbonate and then the fDllowlng takies 
place: 

The aluminum sulphate Is bro'ken up (dissociates), 
the sulphate fraction teaming, up with the calciun, in the 
calcium bicarbonate resulting In Che formation of calcium 
sulphate which stays In solution. The aluminum from the 
al-umlnum sulphate is thrO'Wn out of solution as aluminum 
hydroxide and this substance is virtually insoluble and 
It In turn becomes a suspended particle. 

A chemist would write this reaction in this m^anner: 
Al2(SO^^)3., y H^O' + 3 Ca(HCO'3)2 = 3€aS04 + 2 Al(0H)3 

+ 6CO2 + y HgO. 

Fortunately, the particles of aluminum hydro^xide are 
positively charted. Thus, within Che first few seconds 
O'f the addition of the alian, we have produced billions of 
positively charged aluminum hydroxide particles moving 
abo'Ut in a turbid water already containing billions ol 
negatively charged particles ol mud, clay, silt etc, 
Pa'Sltlve and negative charges attract each other and thus 
the positively charged aluminum hydroxide particles rush 
toward and stick tO' the negatively charged particles ol 
mud, etc. The electrical charges are O'f course neutralized, 
but O'f practical value to us Is that the particles of 
turbidity stick tO' and are enmeshed in the parClcles of 
al'uminuin, hydroxide. This all takes place in the first few 
seconds that the alum. Is In the water and this is essentially 
the entire act of coagulation. 

Under the microscope in the first few seco'nds ol 
alum addition we no l,0'nger have a unifonm,ly dispersed "fo,g" 
of turbidity, but in this first few seconds the turbidity 
combining with the alumlniJm hydroxide particles takes on a 
.granular appearance. After about one or two minutes of 
Stirring the granular appearance Is so prO'nO'unced that It 
ni,ay be seen without the use of a microscope, but, even so'. 
In most raw waters the particles are still too small to be 
successfully filtered. We have produced coagulation,, but 
that is only part of the story. 



After this first stage we continue stirring at 
slow rate, the length of stirring time being dependent on 
the nature of the raw water, and the turbidity particles 
suspended in it. Generally, the stirring time varies from 
not less than 15 minutes to not more than 60 minutes. 
During this period of slow stirring we note that the first 
formed very small granulations are now growing by the mere 
fact that more and more of them are gathering together into 
much larger particles looking very much like snow flakes 
and we call these particles "floe". This entire act of 
slow stirring to cause the particles to grow by sticking 
together is called f locculatlon. After 15 to 30 minutes 
of slow stirring the particles are so large that you may 
observe them with the unaided eye at a distance of ten 
feet. There are exceptions to this, since in some waters 
the floe always remains small no matter how long we stir. 

Having first coagulated the water, then caused 
the particles to grow large by continued slow stirring 
(f locculation) we then can shut off the stirring and 
immediately note two points of great importance: (1) The 
water between the particles is quite clear, and (2) The 
particles of floe containing the enmeshed particles of 
turbidity is heavier than water and begins to settle out. 

Observation (1) tells us that the correct amount 
of coagulant has been used to gather all the undesirable 
turbidity into the floe that we have formed, and observation 
(2) tells us that we can remove all of the floe by settling. 
Thus, if we now proceed to remove all of this floe by 
settling alone, or by filtration alone, or by a combination 
of settling and filtration, we are assured of producing a 
clear water. 

Which method should we use? Only settling, only 
filtration, or a combination of both? You will find that 
water treatment plants are generally designed to use a 
combination of both methods for reasons that we will now 
discuss . 

In the case of settling let us assume that we have 
been conducting our experiments in a laboratory stirring 
device. The water in the beakers has been continuously 
stirred to bring about f locculation, but essentially, it is 
a static sample in that new water is not constantly flowing 
in and old water flowing out as in the case of a settling 
basin in a water plant. Thus, in this laboratory demonstration 
within seconds of stopping the stirring the water is 



absolutely quiescent and 100% complete settling can take 
place. In the water plant the water is never really 
quiescent, some motion always taking place and thus, 
depending on various factors, the efficiency of settling 
will vary from about 60% to 99%. In any event, settling 
will not be absolutely complete and, therefore, some 
unsettled floe will remain to be taken out by the filters 
to ensure a clear water. 

You may well ask: If settling is not 100% perfect, 
then why not dispense with it entirely and let the filters 
remove all of the floe? The answer is that where the 
turbidity is high and thus, there will result a very con- 
siderable concentration of floe particles in the water, 
the filters can remove this floe quite well, but generally, 
only for a very short time. Thus, we could end up with 
very short filter runs requiring too frequent backwashing. 
Also, even if the filters did not plug completely we would 
start to obtain "floe breakthrough", which means that a 
proportion of the floe would break up and would pass through 
the filters as turbidity, quite undesirable. 

The normal concept, then, is to add the correct 
amount of coagulant to bring about rapid coagulation, to 
continue slow stirring so that the coagulated particles can 
gather together into a large, rugged floe, having sufficient 
density that preferably 90% or more of this floe will settle 
out in the relatively quiescent zone in the settling basins 
(such settled material to be removed either periodically or 
continuously by de-sludging devices) thence the partially 
clarified water passes on to the filters where the remaining 
lesser percentage of floe is retained. 

The normal concept is to conduct coagulation, 
f locculation, and sedimentation so successfully that most 
of the floe and its enmeshed turbidity is settled out in 
the sedimentation basins with the filters left to the job 
of removing that small percentage of particulate matter not 
settled out by these processes. This is the normal concept 
carried out on surface waters, some of which may be difficult 
to coagulate, in all of which we may expect to find turbidities 
in excess of 20 parts per million, and often up to 1000 parts 
per million and, in some instances, as high as 10,000 parts per 
million. 
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There are always exceptions to the normal concept, 
for example, your speaker saw a plant in mid-western US A , 
vhere the turbidity was always so high that to bring about 
rapid coagulation and flocculation they required to use 
excess l:jne softening. They had also built such an enormous 
settling basin that by the time the water arrived at the 
filters it did not really require filtering. They did 
filter it, however, obtaining filter runs of some 150 hours. 
The other extreme is the filter plant on Lake Huron to supply 
the City of London, Ontario. At this plant the turbidity 
will rarely rise to 20 ppm and thus the floe and the turbidity 
will always be so low in concentration that it was possible to 
design the plant without any facilities for sedimentation. All 
that will be required is coagulation, the water then going 
directly to the filters. At times it will not be even necessary 
to employ a coagulant. 

It is not possible to cover all possible variations 
and exceptions in a short preliminary lecture and the general 
remarks made here essentially apply to the normal water 
plants treating a normally turbid water in a filter plant, 
in which the filters contain as media all Cape May type quartz 
sand or anthrafilt sand, and sometimes a combination of both. 

Coming into more widespread use are the new types of 
filters, which, instead of being one type of sand of uniform 
size and density, are generally composed of three to four sand 
layers in which the various sand layers vary in both size and 
density. These new filters generaify' operate at a higher rate 
than conventional filters, generally produce a clearer water, 
and particularly are able to handle higher concentrations of 
floe and enmeshed turbidity. These new filters still require 
the water to be coagulated, often the flocculation period may 
be reduced and at times eliminated, and, in some instances, 
the sedimentation zone may be reduced or eliminated. Since 
these filters can remove turbidities due to floe in the range 
of 50 to 100 ppm it is possible to place more filters in 
operation from an existing sedimentation basin. 

From all the foregoing, it can be seen that the acts 
of coagulation and flocculation are essentially a system 
designed to change a "fog" of turbidity that the filters 
cannot filter out into a "snowstorm" of floe and enmeshed 
turbidity, most of which will settle out in the sedimentation 
basins and that which remains being readily removed by the 
filters- 
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Coagulation, flocculation and sedimentation are 
then none other than a system of adequately preparing a 
turbid water for filtration. 

We have only mentioned one coagulant: aluminum 
sulphate, called alum. It is the most widely used coagulant 
in the water treatment practice throughout the world. It is 
the cleanest to use. It has the advantage that the floe is 
virtually colorless and if through some misadventure too much 
alum is applied and some alum floc does pass through the 
filters it is less likely to be noticed by the public. 



OTHER COAGULANTS 

Ferrous Sulphate (FeS04 ) - which instead of 
producing the previously mentioned aluminum hydroxide floc 
produces a ferrous hydroxide floc (Fe(0H)2) and generally 
by means of lime or chlorine some dissolved oxygen is made 
to change this floc to ferric hydroxide (Fe(0H)3). Ferric 
Sulphate and Ferric Chloride are two useful coagulants which 
also produce a Ferric Hydroxide floc. 

Ferrous Sulphate, ferric sulphate and ferric 
chloride are often called "iron coagulants" because they 
are derived from iron as opposed to aluminum sulphate 
which is derived from aluminum. 

The advantages claimed for these iron coagulants 
are that they tend to operate successfully over a wider pH 
range and that they produce a denser floc which will settle 
more quickly. 

This may be true in some waters, but your speaker 
has not seen any evidence to this effect on the water that 
he is required to treat and, furthermore, in laboratory tests 
he has noted that the iron coagulants seem to enter into a 
reaction with any organic matter in the raw water so that 
even after the water has been coagulated, flocculated, settled 
and filtered the water still has a brownish tinge. Where 
coagulation, flocculation, sedimentation and filtration 
cannot be adequately carried out due to plant and filters 
running far above rated capacity, there is the danger of 
particles of reddish-brown ferric hydroxide floc going out 
in the finished water and this will be far more noticeable 
to the public than the colorless aluminum hydroxide floc. 



This does not destroy the usefulness of the "iron 
coagulants" where they are and can be successfully employed. 
In the smaller plants, particularly with no chemist in 
attendance, aluminum sulphate would seem to be the coagulant 
of choice. 

Sodium Alumina te is often used in smaller water 
works where there is not sufficient alkalinity in the raw 
water to react with the alum. On occasions it has been found 
more economical to employ sodium aluminate in conjunction 
with alum. 

Lime is also used as a coagulant. Generally, lime 
(as Ca(0H)2) is first throught of as a softening agent and it 
is widely employed for this purpose. Its value in coagulation 
is that when used in the high dosages normal for softening it 
produces such a dense, voluminous, fast settling floe, that 
it permits the fairly rapid treating in reasonably sized 
plants of raw waters always having turbidities in excess of 
2,000 parts per million. Its value as a coagulant is enhanced 
if the raw water contains magnesium salts, since the final floe 
will then contain the voluminous, gelatinous magnesium hydroxide, 
There are many water plants in the U.S.A. employing excess lime 
softening, not particularly because they are so intent on 
having soft water but because of its value in very rapid 
coagulation, flocculation and sedimentation. Not only is 
lime softening of value in clarifying waters of high turbidity, 
but it is also of value in waters that are heavily contaminated 
with man-made pollution -- particularly lime softening destroys 
bacteria and viruses and removes organic matter of the protein 
type. 



JAR TESTS 

How does one decide the best coagulant for the raw 
water to be treated? Having decided the best coagulant, how 
does one at any time arrive at the correct dosage of that 
coagulant? The answer to these two important questions is: 
by means of jar tests. 

For the record, a most complete description and 
discussion of the all important "Jar Tests" is found in the 
Amercian Water Works Association's "Laboratory Manual, ATVWA-M 12' 
This Laboratory Manual was not written at a level to be understood 
by only university graduates, rather it was written by a rather 
experienced group of water works men for the benefit of operators 
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who have essentially no chemical training and, in fact, are 
not university trained. By means of this book any normal 15 
year old boy could go into a water plant and do a rather good 
job of turning out a clear and safe water. You should obtain 
a copy. 

From this manual, how do we find the most desirable 
coagulant to use on a particularly raw water? 

We start with a 6-place laboratory stirrer. Under 
each stirring paddle we place a 1,500 ml beaker. Into each 
beaker we place, from a graduated cylinder, exactly 1000 ml 
of a fresh sample of the raw water. We set the stirrer 
operating between 80 to 100 RPM and then to each beaker add, 
by means of pipettes, definite amounts of a stock solution of 
the coagulant so that starting with #1 beaker we have increasing 
dosages up to beaker #6. A good range to start with would be 
0,5, 1.0, 1.5, 2.0, 2.5 and 3.0 grains of coagulant per Imperial 
Gallon. After the last beaker has been dosed we permit high 
speed stirring to continue for 2 minutes at which time we 
reduce the stirring slowly to 30 RPM, permitting stirring to 
continue at this speed for 30 minutes. 

We look for the speed of formation of floe, its 
ruggedness, that is its ability to stand some stirring without 
being broken up, we note the clarity of the water between the 
particles and when the stirring is stopped, we note the speed 
of settling. On becoming more advanced one would also measure 
the turbidity of the water after 10 minutes settling, and the 
pH and alkalinity. 

The procedure is then repeated on the same day with 
the same raw water using all the other coagulants mentioned 
above. In so doing, make notes and from your notes and 
observations you will be surprised how quickly, on the basis 
of speed of floe formation, ruggedness of floe, clarity between 
particles, and speed of settling, not forgetting cost, you can 
readily select the best coagulant for your raw water. 

Once having selected the proper coagulant the 
particular dosage of that coagulant required on any one day 
is determined in the same manner, but instead of running a 
number of jar tests changing from one coagulant to another 
you run only one jar test on your sole selected coagulant, 
varying the dosage from beaker to beaker, finally picking 
the lowest dosage that will give you the desired results; 
fast forming, large rugged floe, clarity between the 
particles and fast settling. 
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There are pitfalls to be encountered in comparing 
jar tests to plant results. For example, on a particularly 
turbid water, at 500 ppm turbidity, your jar test might show 
that 3.0 grains of alum per Imperial Gallon would suffice but 
at this dosage the water entering on to your filters might 
still be too turbid. Obviously, you would require to continue 
to raise the coagulant dosage until you had sufficiently 
reduced the turbidity coming on to the filters, and you might 
well end up with a dosage of 6 grains of alum per Imperial 
Gallon, twice as much as the jar test had indicated. Why this 
discrepancy in the results? Answer: The laboratory stirring 
device is highly efficient and you gave a stirring time of 30 
minutes. It is obvious that your plant facilities are less 
efficient and that the stirring time is much shorter. 

The stirring time of 30 minutes is very proper for 
selecting the right coagulant and for other research purposes, 
but on the daily coagulant dosage: check to make sure that 
the stirring time in the laboratory stirrer matches plant 
stirring times. Furthermore, if you consistently require to 
use coagulant dosages running some 2 to 3 times greater than 
found in the jar tests, then there is something seriously 
wrong with your plant in matters of design or plant production 
capacity and consulting engineers should be called in to 
suggest corrective measures. 

To show the importance of the jar tests: we were able 
to show that our old under and over baffle flocculation system 
was inadequate and should be replaced with mechanical flocculators 
We were also able to show that while alum was the best all round 
coagulant for our raw water, it seriously needed help from a 
coagulant aid and out of many such aids available we were able 
to select activated silica as best for our operation. We were 
also able to establish a proper dosage ratio between activated 
silica and alum and to show that in our raw water the activated 
silica should be added before the alum. Jar tests are all 
important. 

Stock solutions of coagulants for jar tests can be 
made by dissolving exactly 14.3 grams of the coagulant in 
distilled water making up the final volume to 1000 ml in a 
volumetric flask. Alum solution made this way remains stable 
for months, but the ferrous and ferric coagulants require to 
be made daily. A stock solution of this strength is such 
that 1.0 ml added to a 1000 ml sample of water equals one 
grain of coagulant per Imperial Gallon. Such stock solutions 
may be conveniently added to the water sample beakers by means 
of 0.5 and 1.0 ml pipettes. 
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All water plants requiring to treat surface waters 
should possess and use Jar Test equipment. Once this equipment 
is obtained you can arrange with your District Engineer to have 
one of his technical personnel school you in its use. 



OPERATION IN THE PLANT PROPER 

How is coagulation, flocculation and sediraenation 
accomplished in a properly designed and operated plant? The 
correct dosage of coagulant is continously measured out and 
fed into operation by a suitable type of feed machine, a 
number of good designs being on the market. The coagulant 
drops from such a machine into a solution pot into which a 
generous supply of clean water is constantly applied. The 
resulting solution is then piped directly to the point of 
application. Black polyethylene piping is very well suited 
to this purpose. It is very important that the coagulant 
solution be rapidly dispersed into the water to be treated, 
therefore, a good point of application is just ahead of a 
low lift pump, but preferably into a high speed flash mixer. 

At this stage coagulation is in effect, the aluminum 
hydroxide (or ferric hydroxide) is already out of solution as 
microscopic floes and the electrical charges on the particles 
of turbidity have been neutralized. From the low lift pump 
or flash mixer the treated water should then enter a chamber 
in which mechanical flocculation is applied. Mechanical 
flocculation is arranged so as to cause counter currents in 
the water so as to increase the number of collisions between 
floe and turbidity particles. Alternately rising and falling 
dollies, horizontal type revolving baffles, each set of baffles 
revolving in opposite direction, is used for this purpose. 
Stirring time, based on the nature of the coagulant and the 
raw water and other factors should generally be not less than 
30 minutes and generally, need not extend beyond 60 minutes. 
After this period of flocculation the water then enters the 
zone of sedimentation. 

Sedimentation basins should be designed in such 
fashion that the water can enter, pass through and leave with 
a minimum of turbulence, permitting maximum settling to take 
place. Any piping, channels, ducts etc. taking water away 
from a settling basin should have the minimum nunnber of turns, 
sharp angles etc. so that undue turbulence will not break up 
any remaining floe into smaller particles. 
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The above then is the general concept relative to 
coagulation, flocculation and sedimentation. It is a basic 
concept having general acceptance and value throughout the 
world and, quite frankly, is about all one needs to know in 
a first course for water plant operators. 
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2H 

pH is a measure of the alkal inity-acidiLv reaction 
of a substance. pH 7 is neutral, above that figure is alkaline 
and below that figure is acid. In treating a highly turbid 
water with aluminum sulphate, an acid salt, a reaction takes 
place between this salt and the bicarbonate in the water 
resulting in the release of free carbon dioxide to the water. 
This is corrosive to cast iron mains and results in bitter 
iron tastes and red water problems. The answer to the problem 
is pH correction to the range of pH 8.0 to 8.5 by means of 
Calcium Hydrate (lime) or sodium carbonate (soda). 

TABLE OF TURBIDITIES COMPARED WITH A TABLE OF COAGULANT DOSAGES 

It has often been hoped that someone would publish a 
table of turbidities alongside a table of coagulant dosages. 
This cannot be done since the nature of turbidities and raw 
waters vary so much. For example, a turbidity of 50 ppm in the 
Columbia river might well be coagulated with only one third 
of the dosage required to coagulate a 50 ppm turbidity in the 
river that your speaker deals with. Also, at the beginning of 
a flood the turbidity is coarse in nature and a 50 ppm turbidity 
presents very little of a problem, whereas at the end of a 
flood a turbidity of 50 ppm will be composed mainly of colloidal 
clays and may require a considerable increase in coagulant 
dosage. 



ELECTRICAL CONDUCTIVITY 

Your speaker has not found much value in the 
measurement and control of electrical conductivity to bring 
about good coagulation in the water that he deals with; 
however, where the raw water is very low in mineral matter 
and there is considerable organic turbidity to be removed 
then the control of electrical conductivity is of great 
importance. The Rand Water Board in South Africa is an 
important example of coagulation being controlled by 
electrical conductivity. 
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ACID ADDITION 

i 
In highly coloured alkaline waters, low or absent In 

turbidity, and where it is necessary to coagulate out the 

colour by means of a "colour floe" it is often necessary to 

lower the pH of the water by means of sulphuric acid to bring 

the pH down to the level that alum will work best. Some highly 

coloured waters are naturally slightly acid and thus no acid 

need be added and one proceeds to coagulate out the colour by 

means of alum alone. In both cases, prior to sending the 

water into distribution the pH should be corrected to the 

alkaline side by means of lime or soda so as to minimize 

corrosion. 



PHOSPHATES 

Most natural surface waters do not generally seem 
to contain substances that seriously hinder coagulation. Where 
surface waters have become polluted by domestic and industrial 
wastes it has been found in the U.S.A. and Canada that phosphate 
incorporated into detergent mixtures do seriously hinder normal 
coagulation and coagulation by lime softening. We were able to 
successfully overcome this problem by the proper use of activated 
silica. 



TEMPERATURE 

The colder the water the slower the coagulant is to 
react. This defect is naturally offset to a great extent by 
the fact that the water plant is generally operating at a 
slower rate in cold water periods and, therefore, there is 
more time for the coagulation, flocculation and sedimentation 
to be brought to a successful conclusion. 



UPFLOW UNITS 

Upflow Units are more properly called "solids 
contact basins". We have previously discussed coagulation, 
flocculation and sedimentation in what has been described 
as "conventional plant", which generally implies horizontal 
flow of water in large oblong shaped concrete tanks. 
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In upflow units, as the name implies, the water 
flows upward through fairly well defined zones of operation. 
In the first or lowest zone, the coagulant is added, coagulation 
brought about, generally in the presence of some recirculated 
sludge, the water then passes into essentially a flocculation 
zone where the floe particles are permitted to grow to such a 
weight and size that they are able to settle faster than the 
rising water, thus the fast settling floe forms what is called 
a "floe blanket". Excess floe may be drawn off continuously 
or intermittently. In the third zone the almost clear water 
is essentially "squeezed out" of the floe blanket whence it 
passes into an overflow weir and then on to the filters. 

These devices are excellent where excess lime 
softening is used, since the heavy floe gives sufficient 
weight to the floe blanket to prevent it from coming over to 
the filters which would overload them. These devices are 
also good in simple coagulation not employing lime softening 
where the turbidity and mineral content of the raw water is 
fairly constant and also where plant flow rates are fairly 
constant. Practically all of these devices require the 
use of a coagulant aid. On flashy streams, having variable 
turbidities and with highly variable plant flow rates we do 
know that operators have had a miserable time in either 
producing a floe blanket and, if they did, preventing it 
from rising over the top and thence to the filters. We 
have heard of some instances where these devices have 
required "protection" either ahead of them or after them 
by means of conventional oblong basins and in one case such 
a device required such protection before and after. Some 
states in the U.S.A. do not permit their use. The trouble 
in the past seems that such devices were often undersold on 
size so as to remain competitive with conventional plant. 
When built to proper size they are on a par with normal 
concrete basins as to cost. 



COAGULANT AIDS 

A Coagulant Aid is anything that will aid a 
coagulant and quite often a coagulant requires considerable 
help. In some waters alum will never produce anything more 
than a small fragile floe. A Coagulant Aid is required to 
change such a floe into a denser, larger, faster forming, 
more rugged and faster settling floe. 
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It is often necessary to apply activated carbon 
for taste and odour removal. This substance is one of the 
most difficult to coagulate, flocculate, settle and filter 
out and, since it is the blackest substance known, the 
problem is obvious. The variable nature of raw waters is 
such that in some alum alone will prevent carbon from 
passing through the filters, whereas in other raw waters 
unless a coagulant aid is used most of the carbon will go 
right through the filters, causing many black water complaints, 
We have found that activated silica solves the problem for us. 

In some waters, particularly in winter, the water 
is not clear enough to go directly to filters and yet it is 
sufficiently clear that there are not enough negatively 
charged particles in the form of turbidity to react with 
even the smallest concentration of positively charged aluminum 
hydroxide floe so we need to purposely add some negative 
charges and we can do this with activated silica. Activated 
silica is particularly successful in relatively clear cold 
waters and in any water where activated carbon is being 
applied . 

Other coagulant aids have been used in various 
types of waters with varying degrees of success running all 
the way from perfection to absolute failure. Such other 
coagulant aids may be special clays, lime, recirculated 
sludge (from the settling tanks), sometimes even activated 
carbon can act as a coagulant aid; the polyelectrolytes, and 
this group includes a number of proprietary compounds and 
substances which may include starches, esters of cellulose, 
gums, polyacrylaraides and polysaccharides. Some of these 
substances have had spectacular success in the U.S.A. We 
have tried over 25 of these substances in jar tests and have 
not found one of them to compare with activated silica which 
in North America, Africa and Europe continues to be the best 
all round coagulant aid and generally, the lowest in final 
cost. 



ACTIVATED SILICA 

This substance cannot be purchased as such, but must 
be made at the point of application by means of a controlled 
partial neutralization of a solution of sodium silicate by 
means of an acid, acid gas, or acid producing salt. 
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The acids, acid gases, and acid producing salts that 
may be used for this purpose are: sulphuric, hydrochloric 
(muriatic) and phosphoric acids, the acid gases are chlorine, 
sulphur dioxide, and carbon dioxide (from flue gas) and the 
acid producing salts are: ammonium sulphate, sodium bicarbonate 
(widely used in the United Kingdom) sodium bisulphate and there 
are many others. 

Activated silica is generally made up as a 1% solution 
and may be made continuously in the case of chlorine in a 
device known as a silicator or may be made by the batch process 
using either an acid or an acid salt. 

There are a number of involved factors that should 
be taken into consideration when selecting the method of 
activating silica for use on a particular raw water in a 
particular water plant. Even though this choice requires 
considerable study the fact remains that activated silica 
still remains supreme as the best all round coagulant aid. 



TURBIDITY-FILTER RELATIONSHIPS 

It is very tempting when discussing coagulation, 
flocculation and sedimentation to branch into the subject of 
filtration, but you are to receive an excellent lecture on 
this subject. One point, however, should be made clear in 
this lecture; it is not possible to dictate a level of 
turbidity that should be permitted to enter on to all filter 
beds. The concentration of turbidity permitted to enter on 
to a filter bed is dependent on the coarseness or fineness 
of the sand or anthrafilt, the nature of the raw water, the 
nature of the floe produced in it, the rate that the filters 
are running, whether you are applying activated carbon, and 
so on . 

The late N, J. Howard required only to bring the 
turbidity down to 7 ppm on the Toronto filters, but he was 
using only alum to remove a clay type turbidity, was applying 
no carbon and Lake Ontario water is fairly easy to coagulate. 
At our plant just to remove turbidity we have always had to 
bring the turbidity on the filters down to at least 3.0 ppm and 
to successfully remove carbon at the filters we must always 
bring the turbidity down to less than 1.0 ppm by means of 
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activated silica and alum. The new types of multi-bed filters 
made of several layers of various sizes and densities of sands 
are able to handle turbidities running in the range of 50 to 
100 ppin dependent on the rate that the filters are operating. 



BACTERIA AND VIRUSES 

Up to this point we have only mentioned coagulation, 
flocculation and sedimentation as procedures to suitably 
prepare water for filtration. We have not concerned ourselves 
with disease producing organisms. 

Filtration was originally put into practice to make 
the water appear acceptable to the public. Then the bacteriologists 
were able to show that filtered water was safer since the filters 
had removed some or all of the bacteria from the water. Co- 
agulation by chemical means with its attendance procedures was 
put into use to aid the filters in bacteria removal. These 
procedures became our primary and sole defence against water- 
borne disease organisms. Complete success at all times not 
being attained chlorine was introduced as a secondary safeguard. 
Chlorination practice was then so greatly improved that to some 
it became the primary and sole defence against the bacteria 
with the filters being relegated to their original job of 
making the water look clear. 

More recently, it has been shown that disease 
producing organisms can become so embedded in sewage particles 
that chlorine cannot penetrate into these particles to kill the 
bacteria, thus good filtration is required to remove such 
particles. Therefore, instead of entering into endless and 
often pointless arguments as to whether chlorination or 
filtration is the primary defence against disease producing 
organisms, the wise water plant operator looks upon chlorination 
as a most important defence against those organisms that it can 
reach and kill, whereas coagulation, flocculation, sedimentation 
and filtration are also an important primary defence against 
those organisms not dealt with by chlorination. In the properly 
operated water plant both systems of treatment should at all 
times be maintained at maximum efficiency for the greater 
protection of the public. 

In conclusion, there are no set golden rules, each 
raw water has its own peculiarities that show up differently 
in differing water plants. Only by careful experimentation and 
observation can you arrive at the proper system of operation for 
your plant and your raw water. 
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THE HISTORY AND PUBLIC HEALTH ASPECTS 
OF WATER TREATMENT 

A . B ,. Redekopp , P , Eng , , 

Supervisor, Water Works 
Division of Sanitary Engineering 



EARLY HISTORY OF SANITATION 

The first of the modern water supplies was built in the 
City of Paris in 1183 A<,D, A lead pipe aqueduct was constructed 
which brought into the city a water supply amounting to one quart 
per person per day. In London, in 1500 A.D„, the first pumped 
water supply was constructed with pumps built on London Bridge. 
These pumps provided sufficient pressure on the mains to use the 
water for fire fighting purposes. 

In the middle ages, the sanitation practice was incred- 
ibly bad. In the absence of piped water supplies, the water borne 
disposal of sewage and waste was impossible; excrement was stored 
in privies and removed by contractors in the middle of the night 
to avoid as much inconvenience to the public as possible, thence 
the derivation of our term "night soil". A ditch was built down 
the middle of the street which served to carry away wastes of all 
kinds which could be dumped into it. When the rains fell, the 
ditches were washed clean; however, during the dry season, flies, 
animals and bugs attended to the material deposited in the ditches. 
Around 1200 A„D,, a by-law was passed in the City of Paris, prohi- 
biting householders from throwing slops from upstair windows between 
dusk and dawn for the safety of the passers-by in the streets. The 
"black death" which passed through Europe about this time killed over 
one third of the population. The surprising thing is, however, not 
that one third died but that two thirds managed to live. 

These sanitary or unsanitary conditions seem to us deplor- 
able and intolerable, but, to the people of that day who knew of no 
connection between sanitation and disease, the conditions were just 
an unpleasant aspect of city life which had to be put up with. As 
a matter of fact, not only was there no known connection between 
sanitation and disease, but practically nothing at all was known 
about the cause of diseases. 



B - 2 



Rome was always plagued with malaria which was attri- 
buted to the miasma arising from the swamps in the vicinity of 
the city. On hot quiet nights, the odour of the swamps entered 
into the city and into the houses, and people got malaria. The 
way to combat this disease was obviously to keep the windows shut 
to keep the odours out, and to fill up the swamps and thus remove 
the source of the odours. The only thing wrong with this, of 
course, was that the theory was entirely wrong. The disease 
was transmitted by mosquitoes which thrived in the swamps but 
otherwise had nothing to do with the odours. 

And 30, in the middle ages, when there was no knowledge 
of water-borne diseases, no precautions were taken for sanitation 
and this attitude carried on down through history to quite recent 
times. 



EARLY HISTORY OF WATER PURIFICATION 

The purification of water actually began in London 
about 1829, when slow sand filters were constructed to improve 
the clarity of a water supply. The reason for building these 
filters was not for health reasons. 

Slow sand filters consist of large beds of sand. The 
water percolates at a very slow rate, about one-tenth of one 
gallon per square foot per minute. Under these conditions a 
biological film soon develops on the top of the sand consisting 
of bacteria and microscopic organisms. This film removes 
dissolved organic and small particulate matter from the water. 
These filters were very successful in improving the appearance 
of waters and many such filters were built in Europe and in the 
eastern part of North America up to 1915. 

The implication of water as a factor in the spread of 
disease was not known when water treatment began. As a matter 
of fact, the bacterial cause of disease was not known. The 
filters constructed in London, in 1829, were to clarify water 
only. The first scientific demonstration that disease could 
be linked with water was a cholera epidemic in London in 1854. 
There were a nximber of separate water supplies in the City of 
London and all cases of the disease were confined to the users 
of one particular supply. This was an interesting fact scien- 
tifically, but no action, either in science or engineering, 
resulted from the observation. About 1885, a scientist demon- 
strated that slow sand filters had the property of removing 
bacteria from the water. 
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In 1892, a cholera epidemic occurred in Germany. Two 
adjacent towns took water from the same river; one town had slow 
sand filters with no cases of cholera while the other without 
filters experienced the epidemic. In this way, the demonstra- 
tion of the connection between polluted water supplies and disease 
was very definitely established. The developments which then 
followed in the period from 1885 to 1900, laid the foundation for 
modern water bacteriology and the bacteriological examination of 
water supplies. This also resulted in the development of sanita- 
tion and disinfection techniques that have made the two water-borne 
diseases, typhoid and cholera, practically extinct in this day. 

The first chlorine used in water treatment was that pro- 
vided by chloride of lime which was made by absorbing chlorine in 
hydrated lime. The chlorine for this purpose was produced by a 
purely chemical process and was correspondingly very expensive. 
In 1896, George Fuller of Louisville, Kentucky, first used chloride 
of lime experimentally. The first use of chlorine was at Middel- 
kerke in Belgium from 1902 to 1921. Its use on a continuous basis 
was begun in England in 1906. The first use of liquid chlorine 
was in Niagara Falls, N.Y. in 1912. This chlorine was made by the 
electrolysis of salt. In 1913, Wallace and Tiernan produced the 
first commercial equipment to measure, dissolve and apply chlorine 
to water. 



PRESENT DAY PRACTICE 

From a brief look at the early history of sanitation, 
you may conclude that people in the Dark Ages were certainly very 
Ignorant. It is true that we have a good knowledge of bacteri- 
ology now, although the science of virology is still in its 
infancy and we have developed treatment methods which insure the 
safety of the water supply, at least we think we have. We 
certainly do not dump wastes of all kinds into the middle of the 
streets as was the practice in the early cities. We build sewers 
today and dump the sewage into the nearest stream or lake. Some- 
times I wonder how far we have really advanced. It is only during 
recent times that society has awakened to the fact that it was 
slowly poisoning itself and literally billions of dollars are 
being spent in the industrialized countries to combat water 
pollution. We still have a long way to go. 
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Public health problems are more subtle and complex 
today. Trace amounts of exotic chemicals discharged from 
chemical plants, and radio-active substances which appear in 
some lakes and streams used for water supply purposes have to 
be dealt with. Cross-connections in the distribution system, 
where a non-potable water supplying cooling or process water 
to an industry, may introduce toxic substances or pathogenic 
bacteria or viruses into the municipal water supply. These 
problems are quite real in the 20th. Century, It is up to 
people like yourselves to become familiar with your individual 
water supplies and distribution systems to guard against these 
potential hazards , 



DISEASE OUTBREAKS IN THE 20TH CENTURY 

The fact that communities have been relatively free 
of attach for generations does not limit the possibility of a 
water-borne epidemic. Periodically, over the past few years 
epidemics have been reported which can be related to contaminated 
water supplies. For example, in November and December of 1959, 
the community of Keene, New Hampshire, experienced a typhoid 
epidemic. The source of the infection was finally traced, after 
considerable investigation, to the Keene water supply. This 
community's water supply consisted of an unspoiled mountain water- 
shed and a good slow sand filter treatment plant. All of these 
factors combined with careful water distribution practices would 
indicate that the consumer would be receiving a safe quality water, 
However, overnight the water system turned into a distributor of 
the organisms of deadly typhoid fever. 

A curious combination of circumstances lead to the 
typhoid infection. A wood cutter, working in the watershed 
area without authorization, was discovered to be a typhoid 
carrier. His waste had been washed into the city's water 
during unusual flooding in October. 

The epidemic at its height affected 19 people and 
was known to have taken the life of at least one. The city 
officials were suddenly made aware that the city was in the 
business of producing a product -- the safety of which they had 
a legal and moral responsibility to guarantee. The Council 
was faced with the alternatives either of paying $67,000 in 
settlement of the claims or allowing these claimants to sue the 
city. One attorney estimated that the costs of going to court 
could have risen as high as one-half million dollars. 
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It is noted that for at least a decade prior to the 
epidemic local health and water authorities, the city's con- 
sulting engineer, and the state Board of Health, had all recom- 
mended the installation and continuous operation of chlorination 
facilities. However, the City Council repeatedly denied the 
requests. The result was that Keene has now paid several times 
the cost of installation and operation of chlorination facilities 
and at the same time not have the value of those facilities. 
Further, the Water Department suffered a considerable loss of 
public face. 

This example has been included here to point out that 
there will always be a need for continued responsible supervision 
at any water treatment plant to ensure that the quality of the 
water will not be affected and that there will be no return to 
the water-borne epidemics of another era. The first public 
health requirement in water works treatment continues to be 
responsible supervision to assure that proper standards are 
reached to maintain the quality of the water. 



PUBLIC HEALTH AND ITS RELATION 
TO WATER QUALITY 

The World Health Organization defines health as "a state 
of complete physical, mental and social well being and not merely 
the absence of disease or infirmity". The second definition which 
has been presented reads in part "public health is the science and 
the art of preventing disease, prolonging life and permanent 
physical health and efficiency through organized community efforts 
of sanitation and environment ". 

The reduction of typhoid fever and other related dis- 
eases of the environment has been attained consistently over 
many years. However, statistics on the occurrence of typhoid 
fever almost have vanished from the records. Knowledge and the 
wide application of measures for the purification of water, the 
control of stream sanitation, and the pasteurization of milk 
leave little reason for failure to use them to the full. The 
greatest danger today results not from the suitability of these 
protective measures, but rather from a false sense of security 
brought about by the absence of such outbreaks and the careless- 
ness of the use of these methods. There is a need to continually 
impress all in charge of sanitary programmes with the knowledge 
that these dangers do exist, and any break in the protective 
armour can quickly lead to disaster. 
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The need for water supplies is now receiving more recog- 
nition that at any previous time. This can be attributed to a 
public awareness that unless this commodity is available, public 
health suffers, communities cannot develop, and gradual deteriora- 
tion must be expected. The trend to urbanization in this country 
adds emphasis to this need. 

The emphasis on water supply has for the most part 
shifted from safety against disease to quantity and quality for 
all uses. A supply that is not adequate at all times is defec- 
tive in the eyes of the consumer. Similarly, water that is not 
free from odour, colour and turbidity, or has an objectionable 
taste or other physical or chemical constituent does not fit into 
a good public health environment. Thus, the major emphasis has 
now switched from the original requirement of the safety of the 
supply to these other factors. 

There is an abundant supply of water in Ontario, but 
distribution of the water creates problems in many places. 
Pollution in any one of many forms can destroy the available 
water to a community. The cost of bringing water long distances 
is high, but in spite of this, water is essential above all else 
and as such can well be considered as a priceless commodity. As 
this country grows more and more emphasis must be given to conser- 
vation and distribution of water supplies. 



THE IMPORTANCE OF KNOWING YOUR WATER SUPPLY 

The job of keeping our drinking water safe has become 
an increasingly vital and difficult task. It is recognized that 
the war against pollution is in progress but the battle is only 
beginning. Municipalities still discharge untreated or partially 
treated sewage into the streams, and industry aggravates the 
problem by dumping an ever changing variety of chemical contaminants. 

The water works, and particularly those in the larger and 
more populated areas, are now confronted with problems that were not 
present a few years ago. If the water treatment works are to func- 
tion properly, it is essential from a public health standpoint, that 
their personnel know the sources of contamination that are or may 
become a danger to the quality of the water in their plant. The 
amount of close supervision required in operating a plant is mater- 
ially increased in those areas that known sources of contamination 
are present. 
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It should not be assumed that all sewage treatment 
plants are properly designed, have adequate capacity and are 
capable of turning out a good effluent on all occasions. 
Therefore, it is essential that the location of the points of 
sanitary discharge in the area be known and the efficiency of 
the sewage treatments determined. 

Do not take sewage plant effluents for granted. Find 
out by frequent raw water sampling if they are a danger to the 
water works and then, if necessary, take every precaution to 
combat such contamination, until it is eliminated by the provi- 
sion of better sewage treatment facilities. 

Sources of industrial waste pollution should also be 
known to the personnel of water works plants. An ever-changing 
variety of chemical and other waste discharges are reaching water 
works plants. As a result, it is rare indeed to find a water 
works in an industrial area which does not have some type of 
taste control treatment available. Radiological, anionic deter- 
gent, pesticide, phenolic and other organic wastes from industrial 
sources and from land run-off have brought new and perplexing 
problems that are often difficult to solve. Industries are some- 
times located extremely close to water works intakes, thereby 
increasing the need for careful supervision in the water works 
plant. 

In recent years there have appeared in the press and 
elsewhere statements relative to the increasing hazards to the 
quality of water supplies from sanitary, chemical and other con- 
taminants that reach and may pass through water works plants. 
In particular, the number of new enteric viruses that have been 
discovered to be present in human wastes and against which the 
usual chlorination treatment has little effect, has caused some 
concern. It is recognized that modern water treatment methods 
can and do prevent contaminated water from affecting a community's 
health in almost every instance. However, there is a limit to 
even the efficiency of our purification plants if the contaminants 
are to continue in an ever -changing variety. It is true that 
conditions are probably not as bad as pictured, as there has been 
no evidence of any major recession to the water-borne epidemics 
of a few years ago. It would be folly not to follow with every 
interest, the work that is being carried out in this field and be 
ready to make changes in water treatment, particularly in the 
field of chlorination. 
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TRAINING OF WATER WORKS OPERATOR 
IS ESSENTIAL 

A well trained operator is definitely of value if a 
water works plant is to function properly. However, any con- 
clusion that all uncertified operators are unqualified to 
operate a treatment plant is unjustified. Many operators 
through adequate initial instruction from their fellow operators, 
and by studying the literature, become well qtialified to operate 
their own or similar plants. It is, of course, an advantage 
if the instruction that he has acquired in this way can be supple- 
mented by schools of training to enable him to have a better know- 
ledge of the field of water plant operation. 

The water treatment plant operator is vital to the health 
of the community as producer of safe, palatable water, and to the 
safety of the community as the provider of adequate water to fight 
fires. It is essential, therefore, that he have every opportunity 
to provide the personal supervision that is required in this field. 

It is recognized that a water works operator is and will 
continue to be the main cog in the provision of a satisfactory 
water from a public health standpoint. It is essential, therefore, 
that he have assistance and training to assist him to a better 
understanding of the complex nature of water treatment. As the 
industrial era develops more fully, there is now a more urgent 
demand for more research in individual water utilities. Also, 
there should be an appreciation of the importance of the work of 
operators so that in the future better salaries will help to 
ensure more interest in the field and a desire on the part of 
operators for more knowledge to operate their plants. 



SUMMARY 



The major public health requirements in the operation 
of water treatment have been listed as follows: 

a) Maintain the quality of the water to meet the standards 
established by public health and water works authorities. 

b) Know the sources of contamination that endangers the 
operation of water works plant and be ready to meet 
the condition that is created by such pollution. In 
particular, do not assume that discharges from sewage 
treatment plants in the area are satisfactory. 
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c) Water works personnel should secure as much training as 
possible in order to be able to supervise operation to 
the best of their ability. 

d) Water works personnel should evaluate the capabilities 
of their plant and carry out regular research so as to 
operate to its peak efficiency. 
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OPERATION IN COLD WEATHER 

J. N. DICK, P. ENG, 

OPERATIONS ENGINEER 
DIVISION OF PLANT OPERATIONS 



OPERATION IN COLD WEATHER 

It is the intent of this lecture to present some 
basic principles for the operation of the water system dur- 
ing cold weather. No attempt will be made to discuss the 
principles of frost penetration, soil density, thermo-con- 
ductivity of soil or other phenomenon of this nature. It 
is hoped, however, that this lecture will present some 
practical operating procedures that can be followed during 
cold weather to maintain the continuity of the water services 
under adverse conditions. The lecture has been divided into 
two parts: 

1. Operation of the Distribution System 

2. Operation of Treatment Facilities 



OPERATION OF THE DISTRIBUTION SYSTEM 

Location Plans 

A very basic requirement of any distribution sys- 
tem is a proper location plan of the various valves and 
hydrants. If the distribution system is laid out over a 
large area, one plan should be available to such a scale 
that the entire distribution system can be seen on it. This 
large overall plan should be broken down in convenient seg- 
ments so that smaller parts of the distribution system can 
be readily seen. The smaller plan should have all valves 
and hydrants located on it and properly tied into suitable, 
permanent items. In some instances this information may 
also be recorded on cards and maintained in a card box. 
Care should be taken to tie in the valves to reasonably 
permanent marks. I recall of one incident in which a main 
broke and a particular valve box could not be located. 
Because of this situation a considerably larger area had to 
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be isolated t-o cut otf the water to the break, Atter the 
break had been repaired, further investigation determined 
that the hydro pole, which had been used as a tie-in for the 
valve, had been moved by the local hydro utility. I think 
it even wise to check the location drawings during the more 
slack periods of the year. Also a watchful eye should be 
kept on other utilities who may make changes to the topo- 
graphy, road const ''uct ion, hydro pole relocation, gas pipe- 
line construction, etc. 

Preventative Procedures 

How many of you here today have ever thought of the 
difference in construction costs for a distribution system 
in our temperate zone here as compared to that in the 
sothern U.S.A. or other warmer countries. In these areas 
the watermains are covered by only several feet of soil 
primarily to get them out of the way and below the ground. 

In this part of the country, watermains are in- 
stalled at a depth to which the frost generally will not 
reach. In the Toronto area, watermains are normally installed 
with a minimum cover of 5^ to 5 feet. In the Ottawa area the 
watermains are normally installed to a minimum depth of 7 feet. 
These, however, are average figures and are somewhat dependent 
on climatic conditions. Sometimes the frost will penetrate 
deeper than these minimum depths because of an unusually small 
snow fall. This lack of snow fall takes away the snow insula- 
tion and causes the frost to penetrate considerably deeper than 
would possibly occur in an average year. Consequently one year 
may cause numerous waterpipes and services to be frozen, whereas 
in other years in which the temperature appeared to be about 
the same, very few watermains and services were frozen. 

Extremely cold weather usually results in a higher 
frequency of broken or ruptured mains. This is caused by 
additional stresses induced in the pipe. 

Sufficient quantities of spare and repair parts 
should be available including pipe, pipe repair clamps, sleeves 
and couplings, water service parts, etc. 

When ice forms on the street surface after the 
escape of water from a broken main or service, a supply of 
sand should be available to scatter over the ice. 
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Repairs to broken mains must be given top priority 
and crews conducting this work should be supplemented when 
required. During emergency periods, trained personnel should 
be concentrated on the repair of the break and minor repairs 
and routine duties should be assigned to others where possible. 

Needless to say, all work on maintenance equipment 
should be checked, serviced and winterized prior to the 
freezing season. Mobile and power equipment should be avail- 
able for duty under all conditions. During extremely cold 
weather, it is advisable to store air compressors, portable 
pumps, generators and other power driven equipment in a heat- 
ed or otherwise protected enclosure. This ensures quick 
starting of motors and availability of equipment when required. 

Power and air tools should be in good working order 
and small hand tools and special items such as turn-off or 
curb cock keys, wrenches, etc., should be on hand in suffi- 

ient quantities to supply additional emergency crews. Extra 
street barricades, red lanterns or other warning devices 
should be available. 

The best protection by far against freezing of 
mains and services is to install them at a reasonable depth 
below the normal frost line. It has been found, after a 
break occurs, that old mains had been installed at too 
shallow a depth or that street grading operations had sub- 
sequently removed some of the cover. As soon as such a 
condition is discovered, the mains should be scheduled for 
lowering or replacement. Do not, however, use frozen fill 
or soil for backfilling after the break has been repaired. 

Thawing of Frozen Pipes 

Modern pipe thawing facilities are a necessity 
for every water utility located in a temperate climate. 
Freezing of mains and services has always been a familiar 
winter problem and interrupted service has become intolerable 
today on many counts. 

There are many causes of frozen pipes but the "two 
important causes are ■ 
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1. The pipes are not buried deeply enough for the climate 
of the area. All mains and services must be placed be- 
low the normal frost line, the depths of which is deter- 
mined by the local climate. It is usually considered 
good practice to place the pipe at least one foot below 
the normal frost line to allow for an especially hard 
winter. 

2. Pipes will freeze in unusually cold weather as a con- 
sequence of the lowering of the normal frost line. This 
lowering of the line is typically accompanied by an 
epidemic of frozen pipes in a community where such an 
epidemic has never occurred before. 

The old-fashion method to thaw frozen pipe was to 
dig the frozen earth from the pipe and thaw it either with 
open flames or steam. This was slow and it was dangerous 
to both workers and service lines. The commonly accepted 
electrical method of thawing frozen water pipes is relatively 
new compared with the fire method. Essentially the method 
consists of running an electric current through the frozen 
section of the pipe- Heat so generated starts the melting 
job and the warmer water from the mains completes it. 
Surface damage is eliminated and labour costs are negligible 
when compared to the benefits to the consumer and the com- 
munity. 

Hydrant Maintenance 

All fire hydrants should be inspected at least twice a 
year, in the spring and in the fall. The Fire Underwriters 
Association advocates for inspections annually. Here are 
some of the items that might be used to determine the con- 
dition of a fire hydrant. 

1. Note the external condition of the hydrants such as 
operating nuts, nozzle caps, chains and condition of 
paint . 

2. With nozzle caps screwed up tight, open hydrant fully. 
Note if all nozzles are tight in hydrant barrels and 
whether drains have closed properly. If drains have 
not closed water will appear around outside of barrels 
on ground. 



3. Close main valve. Remove the nozzle caps and observe 
the rate of drainage to determine whether any obstruct- 
ions prevent proper seating of the drain valve. Drain 
valves on Darling hydrants may be flushed by turning 
operating nut only three turns which unseats main valve 
and allows water to flush drain valves. This method of 
flushing drains in most cases eliminates the necessity 
for removing the internal parts. 

4. When closing hydrants, do not apply extra leverage to 
operating wrench if main valves fail to close entirely. 
An obstruction may be under the main valve and further 
forcing of the hydrant would unnecessarily ruin the 
valve leathers and valve seats. Open and close valves 
several times to flush obstructions off seats. By this 
procedure replacements of valve leathers and repairs to 
valve seats may be eliminated. 

5. After hydrants have drained, the nozzle cap threads 
should be greased with waterproof graphite grease which 
will not wash off and prevent caps from sticking. 

A record should be kept of those hydrants which 
do not drain properly. Prestone is used sometimes to keep 
the hydrant from freezing by pouring the solution into the 
hydrant barrel. 

After the hydrant has been used in cold weather 
the hydrant should be immediately emptied with a hydrant 
pump so that the hydrant does not get a chance to freeze . 
This should be done by either the operating personnel or 
the fire department. Some understanding should be reached 
between these two parties; however, the main responsibility 
still rests with the operating personnel that the necessary 
work has been carried out on the hydrants. 

Another problem that may be hazardous to the dis- 
tribution system is the improper backfilling of the area 
around the hydrant barrel. I recall one municipality in the 
northern part of our province in which clay was largely used 
to backfill around the hydrant. During the winter months 
the frost would grab the barrel hydrant and lift it several 
inches causing the horizontal pipe to shear just at the foot 
of the elbow. This occurred to approximately six hydrants 
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during the first cold winter of operation. Two methods were 
used to alleviate this condition: 

1. To excavate the material and replace it with a proper 
gravel material. 

2. To wrap tar paper around a barrel so that the frost 
would lift the tar paper and the tar paper would slip 
along the hydrant barrel. 

The third method that has been used to some extent 
is the placing of boxes around the hydrant and filling them 
with straw. 

After a heavy snow fall all hydrants should be 
located and the snow removed from the immediate area of the 
hydrant so that should a fire develop there is no diffi- 
culty in locating the nearest hydrant. 

Elevated Storage Maintenance 

Special care should be taken to assure that the 
elevated water storage does not freeze during a cold winter 
night. Several ideas have been utilized with success in the 
elimination of a frozen standpipe or elevated tanks: 

1* The installation of the heating cable from the top of 
the tank. This, however, has disadvantages in that 
should the heating cable become inoperative the cable 
is frozen to the ice and the ice pulls the cable down. 
It is also a problem in maintenance in that the average 
person will not be willing to climb to the top of this 
installation to check the cable as to its operation. 

2. This method appears more desirable to me and it is the 
controlling of the pumps in such a manner that the tank 
is filled during the early hours of the morning when 
the demand on the system is practically nil. The demand 
on the system during the day keeps the water level in 
the tank moving, but during the night hours when the 
demand is small the level is practically constant and 
is a danger to frost. This has been achieved through 
a time clock which initiates the water pump should there 
be a need for the replenishing of these standpipes. 



The third item consists of imposing an artificial demand 
on the system; for example, the continual operation of 
a two-inch water line discharging into a nearby creek, 
river, etc. Care should also be taken to assure that 
the controls initiating a pump start-up are in a warm or 
heated area and that the waterpipes in the area may not 
become frozen. Here again a small electric heater or a 
heating cable may be sufficient to keep the area warm 
depending on the size in which the equipment is located. 
Consumers often help the operating personnel by allow- 
ing water taps in the houses to run to prevent freezing 
of the waterpipes within the house. 



OPERATION OF TREATMENT FACILITIES 

Cold weather problems at any surface water treat- 
ment plant results for the most part from unusual climatic 
conditions or from oversights in the design or installation 
of new equipment. 

Treatment Processes 

Another cold weather problem concerns the retarda- 
tion of chemical reactions. As the water becomes colder it 
becomes increasingly difficult to form a satisfactory floe 
with alum. This condition is aggravated by the normal drop 
in raw water turbidity in the winter. With alum floe forma- 
tion incomplete, there is always the danger of carrying the 
coagulant in solution through the filters. Later the floe 
can slowly form in the pipeline as the temperature rises, 
A good test is to set a flask of finished water aside each 
day and observe it over a weeks' time for possible floccula- 
tion Should this occur it would be well to examine the 
treatment system for opportunities of extending flocculating 
time or adding flocculators if none are presently used. 
Often the use of ferric coagulants or coagulant aids during 
cold weather can help solve coagulation problems. Each plant 
must conduct its own study to determine the solution for its 
particular problems. Frazil ice is quite a complex problem 
and will not be dealt with in great detail here; however, 
the problem is mentioned at this time with a few solutions 
offered. There may not be many of you here who have a pro- 
blem of frazil ice. I understand, however, that some of 
the larger water treatment plants lo::ated on the north side 
of Lake Erie do occasionally encounter this problem. 
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Frazil ice is a French-Canadian term for fine 
needle ice drived from the French word called "cinders." 
Frazil ice is composed of fine particles which when first 
formed are colloidal and are not seen in the water in which 
they are floating. The ice at first possesses little or no 
buoyancy, but soon grows to a larger size in agglomerated 
mass like snow clusters which can be seen floating on the 
surface of the water. 

Needle ice will not form when ice is present on 
the surface of the water, but it constitutes a serous winter 
hazard to many water supplies until this surface freezing 
occurs. Needle ice forms when the water is super-cooled and 
is actually a fraction of the degree below freezing tempera- 
ture. Under these conditions, it requires only a slight 
motion of the water to cause this super-cooled water to flash 
into ice crystals. The motion of the water adjacent to an 
intake structure can be the trigger that causes the forma- 
tion of these ice crystals. They can form so rapidly under 
certain conditions that the intake screens or ports may 
become completely clogged. There is no simple solution to 
these problems. Fortunately, however, only minute changes 
in temperature are needed to eliminate the problem. 

In summary, frazil or needle ice forms in agitated 
waters where the water is super-cooled. If the waters are 
calm, surface ice will form; however, if the water is tur- 
bulent, or agitated by wind action, the ice crystals which 
would tend to form on the surface are circulated throughout 
the media. 

Frazil ice has posed a problem in two major areas: 

1. At water power plants 

2. At water works intakes 

Three remedies that can be used to some success 
are the following: 

1. Application of heat to area of frazil formation 

2. Maintenance of continual flow through intake 

3. Mechanical cleaning 
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Application of Heat 

The application of electricity to screens or trash 
racks has been used successfully. This is the same procedure 
as the one used to thaw frozen pipes in water distribution 
systems. A source of 600 amps at a few volts should be ade- 
quate to break the adhesion of the ice within a few minutes. 
Heating cables attached to the intake structures should be 
sufficient to maintain the structure at or above freezing 
32°F. Under such conditions, frazil ice will not adhere to 
the structure. 

A live steamline might be maintained to the intake. 
This method has been used successfully in the Niagara 
Peninsula where industrial water supply lines taking water 
from the river are hampered by frazil ice. The steam 
bubbled through the intake dissipates sufficient heat to 
break any adhesion between frazil ice and intake structure. 

Since frazil ice usually forms during extreme cold 
night-time hours, a time when most water works are experi- 
encing their minimum demand, it is conceivable that the low 
flows through the intake could contribute to the ice accumu- 
lation. If a system were designed such that during periods 
of low demand water from the raw water well could be pumped 
to waste allowing the intake to flow full at all times, it 
is quite probable that the higher velocities should prevent 
the adhesion of ice on the intake ports. This is the remedy 
that is presently being used with some success at the 
Dunnville water plant. 

The method of backf lushing, or surging an intake 
to attempt erosion of the ice accumulations has been used 
successfully, but is an extremely slow process. 

More often than not, the trouble is removed by 
natural forces rather than by mechanical means although the 
mechanical removal might hasten the natural process. 

Some design considerations that may be useful to 
minimize the problem of frazil ice are as follows- 

1. The intake crib should be of submerged timber con- 
struction. Wood resists the adhesion of frazil ice 
to a much greater extent than steel and concrete. 
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2. Backf lushing equipment and a waste line should be in- 
cluded. Intakes should be located in areas around re- 
latively calm water. This hastens the formation of 
surface ice under which it is impossible for frazil ice 
to form. 

At the Dunnville water treatment plant during this 
past winter, a diver was hired to inspect the intake structure 
during the time of frazil ice formation. It was discovered 
by the diver that the ice had agglomerated to several feet 
around the intake structure. This occurred during the time 
that the frazil ice was decreasing and because of this it is 
thought that at times it may extend to many feet around the 
intake structure. The ice was very soft and could be broken 
quite easily by the diver. 
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WATER BACTERIOLOGY 

L. T. Vlassoff 

Supervisor, Bacteriology Branch 
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One of the most important requirements for good drink- 
ing water is freedom from disease organisms. Disease organisms 
are commonly introduced into water by fresh sewage, soil and 
human or animal fecal material. When this contamination is 
from human or animal carriers, the consumption of the polluted 
water by other humans or animals may result in new cases of the 
disease. If by some mishap, polluted water is introduced into 
a public water supply, an explosive and widespread epidemic may 
occur in the community. Prior to the extensive use of chlorine, 
epidemic outbreaks of disease were quite common. 

Bacteria are a group of microscopic organisms, which 
are sometimes responsible for serious and often fatal diseases 
in man and animals. They are widely distributed around the 
world in such locations as: the air - on dust particles; in 
water - particularly surface waters; in soil - on decaying 
plant and animal material and in association with plant roots; 
in food products, either by natural contamination or by planned 
introduction, such as certain types of cheeses; in man or 
animals, either externally on the skin or internally in the 
mouth, throat and intestinal tract. 



STRUCTURE AND SIZE OF BACTERIA 

Bacteria may be described as minute, unicellular or 
filamentous, plant-like organisms, which differ from true 
plants in that bacteria lack chlorophyll (a green colouring 
substance) and reproduce by simple division of one cell into 
two. Some types of bacteria are capable of forming special- 
ized cells or spores which permit the organism to survive 
highly adverse conditions, such as heating, drying and certain 
concentrations of chemicals, which would be normally fatal to 
them. 
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These organisms are found in various shapes and sizes 
Some are round cr spherical in shape and are known as coccus 
forms; others are rod -shaped for which the term bacillus is 
used; and others are spiral or comma -shaped structures. 
Certain bacteria have long, slender, thread-like attachments 
known as flagella which permit them to move about in liquids. 
Bacterial size is usually measured in microns (1 micron = 1/1000 
of a millimeter or approximately 1/25,000 of an inch) and varia- 
tions in cell sizes may range from 2 to 3,5 microns in diameter 
and from 0o5 to 100 microns in length. 



SOURCES OF BACTERIA IN WATER 

A discussion of water bacteriology falls naturally 
into three categories, that of disease organisms in water, 
that of indicator organisms and finally, that of other types 
or organisms that cause trouble in water systems, treatment 
processes, ground and surface waters. 

Disease organisms may gain access to a water supply 
from air, soil, animal discharges, contact with diseased 
material and from sewage pollution. Whatever the disease 
organism, it does not occur naturally in water, nor will it 
exist there for long periods. These microorganisms must 
therefore be transmitted to water from some outside source„ 
Intestinal organisms, such as those causing typhoid and 
dysentry, are not the only disease organism occurring period- 
ically in polluted water. Bacteria causing tuberculosis ^ 
plague, tetanus and viral disorders such as infectious hepa- 
titis are sometimes present in water in large enough quantities 
tc cause concern. Too often this latter group is completely 
ignored. Water used in washing wounds may also contain 
infectious organisms, such as the tetanus bacilli, which could 
cause a serious infection if it enters a skin wound. In 
estimating pollution, not only is the presence of sewage to 
be considered but the possibility that water may contain 
infectious material from soil and other sources „ 

In bacteriological determinations for sewage pollution, 
a group of bacteria that are quantitatively proportional to the 
amount of sewage present, are used as indicator organisms. These 
organisms are knowii as the coliform group of bacteria and are 
commonly found in the Intestine of man and animals and in fecal 
discharges from these sources, Coliforms were chosen over other 
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types of intestinal bacteria because they are most closely assoc- 
iated with the disease organisms likely to find access to drinking 
and bathing waters. Others are less widely used as sewage pollu- 
tion indicators, although they have the advantage of indicating 
freshness of pollution, severity and source. 

In nature, colifomis inhabit part of the intestine, 
forming one of the largest groups of organisms normally popu- 
lating the human and animal digestive system. In polluted 
water, their density is roughly proportional to the degree of 
sewage pollution present. Coliforms occur consistently in 
large numbers in human and animal discharges in comparison to 
harmful bacteria which occur only periodically in large niJmbers. 
Coliforra bacteria are easily detected by procedures to be dis- 
cussed, and are themselves harmless to humans under normal 
circumstances. By watching for their appearance in water 
through routine determinations, information on their presence 
or absence and in turn the presence or absence of sewage pollu- 
tion can be determined before a dangerous level of pollution 
occurs. 

Apart from coliforms and fecal coliforms, fecal 
streptococci, Clostridia and pseudomonads are also present in 
human and animal feces in large enough numbers to be of value 
as indicators of unsafe water. Developments in the understand- 
ing of these groups and in their identification methods have 
allowed more precise information to be decuded from water sample 
analyses particularly regarding the source and duration of con- 
tamination. 

Many wonder why disease organisms themselves are not 
used to indicate unsafe water. The major reason for this is 
that a wide unrelated group of disease organisms can be found 
in polluted waters and usually any particular type will be in 
small numbers making detection difficult, unless excessively 
large volumes of water are examined. Laboratory procedures 
to detect these organisms are usually complex and take weeks 
to complete. Most of these tests give no satisfactory 
estimate of their numbers. The coliform group of micro- 
organisms has a longer survival time than most types of 
disease organisms and their presence allows a margin of 
safety in determining not only present, but past pollution. 
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The other organisms that should be included in any 
discussion of water bacteriology are those present in assoc- 
iation with high levels of organic or inorganic substances. 
Sulphur bacteria, iron bacteria and actinoraycetes represent 
some of the types of organisms which cause taste, odour and 
slime growth problems in wells and water distribution systems. 
The impairment of esthetic water qxiality caused by these 
usually harmless organisms, has brought substantial attention 
to their objectionable qualities, such that they have been 
termed nuisance bacteria. 



DETECTION OF WATER POLLUTION 

The presence of sewage pollution in water can be 
more readily and reliably detected by bacteriological methods 
than by chemical tests. Suspended solids, nitrates, bio- 
chemical oxygen demand (BOD) , and other chemical determinations 
do not positively identify sewage pollution, but they may help 
to characterize the nature of a pollutant. 

The Most Probable Number Technique method (MPN) of 
determining quantitatively the numbers of coliforms present in 
a water sample has been in use for many years. Various dilu- 
tions of the sample (usually three) are made and similar amounts 
of water from each dilution are added to replicate tubes con- 
taining media to encourage coliform growth. Each of these 
tubes contains an inverted vial submerged in the medium. If 
coliform organisms are present, they ferment the sugar contained 
in the medium, gas will be released and trapped in the vial. 
It can then be assumed that coliforms may be present in the 
sample. Further confirmation is made by transferring a small 
amount of growth from a presumptive tube to a second tube con- 
taining a more selective medium for coliform organisms. Once 
again the production of gas indicates a positive response. 
The determination of numbers of coliform organisms is made by 
recording the proportions of positive and negative tubes for 
each dilution and consulting a statistical table which gives 
the probable number of coliforms in the sample. 

This method of analysis requires approximately four 
days before positive results may be claimed. The results are 
a statistical estimation of the numbers of coliform bacteria 
present. This test is still found useful for the determina- 
tion of coliform bacterid present in a sample containing a 
large amount of suspended material or for comparison of results 
obtained by another method, such as the membrane filter technique. 
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The Indicated Nxjmber test is used infrequently and 
is a soir.ewhat simpler version of the MPN test. The results 
are subject to more variability than the MPN test and are only 
of limited value. 

The Membrane Filter Technique (MF) method of analysis, 
developed in recent years, gives a more rapid and accurate enum- 
eration of coliform organisms. Selected amounts or dilutions 
of fhf^ sample are filtered by a special apparatus through a 
membrane filter which restricts the passage of coliform and 
other bacteria. Following filtration, the m.embrane is removed 
from the holder and is placed in a dish on a pad saturated with 
nutrient medium. The dish and its contents are incubated for 
22 hours, until the bacteria, particularly coliforms, have had 
an opportunity to increase in numbers sufficiently to form 
colonies. Each colony is considered to have developed from 
the multiplication of one bacterial cell. 

The nvimber of colonies appearing on each membrane 
filter is multiplied by the dilution factor to obtain a direct 
count of the coliform bacteria present. This direct count 
mtthed is considered to be more accurate, and reliable than the 
MPN technique, and results can be available 22 hours after the 
analysis was started. Larger volumes of water can be readily 
examined and the tests performed much more quickly than by 
ether methods. The MF procedure for determining ccltfcrtns 
in water is the method routinely used by the OWRC laboratory. 



SAMPLING TECHNIQUE 

The method of taking a sample of water requires that 
a number of precautions be taken to insure that the water in 
the sample bottle represents only the condition of the water 
being sampled at the time of collection. 

1, The bottles used should be 6-oz„ sterile bottles obtained 
from the OWRC laboratory. 

2, The sample report forms should be filled out giving the 
type of sample, the source, the sender's name and address, 
the date and time collected and other pertinent information. 
These forms may also be consulted on the reverse side for 
sampling instructions. 

3, The sampler's hands should be thoroughly washed and dried 
before handling bottles and taking samples. 
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4. The cellophane or plastic covering, which provides some 
protection from contamination before the bottle is used, 
should be removed and discarded . 

5. If the water is being taken from a tap, the tap should 
be opened and the water allowed to run freely for at 
least two minutes before taking the sample. Avoid 
splashing. 

6. If the water is to be taken from an open tank, a well, 
stream, lake, or other source which requires the sub- 
merging of the bottle, it should be dipped below the 
surface in a manner which will prevent contamination 
from the sampler's hands or sampling device. A sam- 
pling device should be suspended by a copper wire rather 
than by rope or other material, and this wire can be 
flame sterilized. 

7. The cap should be removed from the bottle and held with 
the finger tips to prevent contamination of the cap or 
lips of the bottle, while it is being filled. The 
bottle should be filled to the mark indicated on the 
label to leave an air space at the top of the bottle. 
The air space allows proper mixing of the contents at 
the laboratory before analysis. 

8. Water samples should be shipped to the laboratory immed- 
iately after sampling and should arrive within 24 hours. 
Refrigeration of samples is desirable during shipping. 



INTERPRETATION OF BACTERIOLOGICAL RESULTS 

The report received from the OWRC laboratory which 
gives the results of bacteriological analyses will usually 
express the results as the number of coliforms present per 
100 ml. of sample. This number will likely have been deter- 
mined by the routine MF procedure for coliform bacteria. If 
other tests are reported, they will be interpreted separately. 

When the total coliform count is zero (0), this 
means that for that particular sample there were no coliforms 
in 100 ml. of sample. Water, from which this sample was taken, 
would be considered suitable for drinking purposes. However, 
it should be realized that this small sample may have repre- 
sented hundreds and. thousands of gallons of water. The 



D 



placement of too much confidence in a small sample is dangerous 
procedure and should be avoided where possible. The emphasis 
should be placed on submitting at least the minimum number ot 
samples per month as outlined in the OWRC Water Quality Objec- 
tives. When total coliform counts are between one to ten 
(1-10) per 100 ml. of sample, the water should be considered 
of doubtful quality. If this result recurs in a number of 
samples from the same source, the reason for the pollution 
should be investigated. Water which consistently indicates 
mild pollution should be treated in some manner to improve 
quality before being distributed to the consumer. 

When total coliform counts are higher than ten 
coliforms per 100 ml,, this indicates the existence of gross 
pollution. If this situation occurs after treatment, or with 
water in a distribution system, the reason for pollution should 
be immediately investigated. Additional samplings, pollution 
investigations and treatment of the water for consumption should 
be initiated immediately to insure that poor quality water is 
eliminated. 

The presence of coliforms in a sample of water should 
always alert one to the possibility that disease organisms might 
also be present and capable of causing disease. A potable, 
water should contain no disease -producing organisms and therefore 
no coliform bacteria. 

When fecal coliforms or fecal streptococci are found 
present in any quantity in a drinking water, the water should be 
considered dangerous and unsafe for human consumption. These 
groups of bacteria suggest fresh recent pollution. P s eudomonad s 
and Clostridium reported also indicate an unsafe condition because 
they are disease -producing bacteria. "Plate count" and back- 
ground counts reported usually represent the overall water quality 
and the higher the density of these bacteria, the poorer the quality 
of water. These parameters will be discussed in more detail in a 
later lecture. 



"» , ♦^ 1?1. 



E - 1 



LUBRICATING OILS AND GREASES 

E, W„ Weaver, Supervisor 
Product Application 

The British American Oil Company Limited 



INTRODUCTION 

All petroleum products are derived from Crude Oils, 

Crude Oils vary chemically according to the predom- 
inating type of Hydro-carbons (from 40 to 60%), They are 
classified as paraffinic, naphthenic, aromatic, and mixed base. 

Paraffinic and naphthenic are used for lubricating 
oils and grease. 

Aromatic are used for asphalt 
Mixed basis have all three above 

For our discussion we will use only Paraffinic and 
Naphthenic oils. 



LUBRICATION - What is Lubrication? 

Lubrication is the ability of a medium to overcome 
FRICTION. 



FRICTION - There are three basic forms of friction: 

I I 

1, ^ Sliding Friction - one solid body over 

' another (i.e. two steel plates). 

a. i'VYry^L^ Rolling Friction - (i.e. Ball or Roller 
I Bearings) . 



r 



3. I/TynJJJJj} Fluid Friction - (Friction in the Fluid Only) 

For our discussion we will use the latter (i.e. Fluid 
Friction) . 



TERMS USED IN PETROLEUM INDUSTRY 



VISCOSITY - is the measure of a fluids "FLOWABILITY". 
(e.g. Molasses would be considered to have a high viscosity, 
Water would be considered to have a low viscosity). 



GRAVITY - is the weight of a substance. 

Specific Gravity - is the ratio of weight of a given volume 
cf material in air, to the weight of an eqioal voliome of diS' 
tilled water in air. 

API Gravity - is an arbitrarily chosen scale in which the 
Specific gravity of pure water is taken as 10. Liquids 
lighter than water have values less than 10. 



VISCOSITY INDEX - is a measure of the rate of change of 
viscosity with temperature. 



CLOUD POINT - is the temperature at which paraffin wax or 
other solidifiable compounds in oil just begin to come out 
of suspension. 



POUR POINT - lowest temperature at which an oil will flow. 



FLASH POINT - is the lowest temperattire at which there are 
sufficient vapours to ignite . 



FIRE POINT - is the lowest temperature at which an oil ignites 
and continues to burn for 5 seconds. 



BALL BEARING THEORY 



If we represent a lubricating 
oil by a series of ball bear- 
ings, we can then denote the 
oil weight by the relative 
ball bearing size. 
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When an equivalent load or 
force now acts upon ball 
bearings of different sizes, 
we find that it is much more 
difficult to displace the 
large ball bearings. 

By the same means, a heavy 
grade oil will more effec- 
tively overcome a direct load. 
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THE FIVE FUNCTIONS OF AN OIL 



I. TO LUBRICATE 



2. TO COOL 




3. TO SEAL 





4. TO PROTECT 



5. TO CLEAN 








VISUAL INTERPRETATION OF ADDITIVES USING 
BALL BEARING THEORY 



FORCE 




Could be visualized as a thm piece 
of plywood. 



V I IMPROVER 




Could be visualized oj rubber band 
completely surrounding the balls. 



WEAR ADDITIVE 



Could be visualized as sticks 
randomly spaced in bearings. 



POUR POINT DEPRESSANT 



Could be visualized similar 
to V I Improver except each ball 
would be surrounded by lubricating 
film to stop coagulation. 



I 
I 
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OXIDATION THEORY 



BRITAMLUBE 44: FLASH = 405: OXIDATION = 500 Hrs. 
OXIDATION STARTS AT 160OF: DOUBLES EACH 18°F. 



TEMP. °F. 


Of. 


OXIDATION (HOURS) 


HOURS 


DAYS 




INCRF.ASE 




LEFT 


LEFT 


160 


- 


1 Hour 


500 


20 


178 


18 


1+1=2 Hovirs 


250 


10 


196 


18 


2+2-4 


125 


5 


214 


18 


4+4=8 


62^ 


2k 


232 


18 


8 + 8 = 16 


31% 


U 


250 


18 


16 + 16 = 32 


16 


-2/3 


268 


18 


32 + 32 = 64 


8 


1/3 


286 


18 


64 + 64 = 128 


4 


1/6 
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OXIDATION THEORY 



BRITEX R. & 0. 44: FLASH = 4100F: OXIDATION = 2000 HRS . 
OXIDATION STARTS AT 160°F: DOUBLES EACH 18°F. 



TEMP. °F. 


°F. 


OXIDATION (HOURS) 


HOURS 


DAYS 




INCREASE 




LEFT 


LEFT 


160 


- 


1 Hour 


2000 


84 


178 


18 


1+1=2 Hours 


1000 


42 


196 


18 


2+2=4 Hours 


500 


21 


214 


18 


4+4=8 


250 


10% 


232 


18 


8 + 8 = 16 


125 


5+ 


250 


18 


16 + 16 = 32 


62% 


2% 


268 


18 


32 + 32 = 64 


31% 


1% 


286 


18 


64 + 64 = 128 


16 


-2/3 


304 


18 


128 + 128 = 256 


8 

1 


1/3 


322 


18 


256 + 256 = 512 


4 


1/6 



WATER FILTRATION 

P. D, Foley, Ac*, ir.g Supervisor 

'echnical Advisory Services Branch 

Division ci Research 



Wa*:er f i.l*.rat lor. iray be described as T:he process by which 
A"a'.er :.- separa'-.ed from suppended ma*;*;er by passage '-hrough a pore;.- 
5ubs*;ar.ce. in practice, this porcjs mat.erial is usually a layer ci. 
sa- d, cr xn some casesj, anthraf il*:. Records froir. r.he year 2C00 B.C. 
-".cizp. that impure wat.er nay be purified by filtration through sand 
^.'".d course gravel, and this process has been used m varying ways 
since that period. 

Filtration, as we "knew it today, began in about 1830 at which 
t ij.e the first of the so-called "slew" sand filt.ers were constructed 
ar d p-j^ into use m London, England. These units i-perated at rater, cf 
f Jew cf from 2 to 10 USMGD per acre which is equivalent tc 0.032 to 
0.160 i^Sgf.". per sq fto The "slow'' sand filter is rapidly disappearing 
d le primarily to the high labour cost in operating this type, cf unit, 
I'd the land area required. The only one in this particular area 
^•..-.11 in operation i3 en Tcrcnto Island. 

In operation^ the ' slew" sand filter ccnsisted cf an u'\.;er- 
>"!! ^i"" systeir with a gravel bed over i*. On top cf this was spread ':hF 
f iltpr sand. The water flowed m on top of the. sand and filtered 
dcwr. Through it., depOriit:ing the turbidity in the upper layers cf the 
«a'Q. Cr.ce. 'he rate of flow became toe slow for any further operatic, 
vhe water was shut off j the unit drained, and the tcp layer of sand 
rer:icvedM The unit was then ready for another run. Periodically, th.c 
?ar.d had to be replenii^hed. As you can appreciate, the cost cf re- 
.Tic^-.ing the sand by hand would be considerable. 

The "slo^v" «and filter evolved into the "rapid" sand filter 
w>ich :.s m use today. The 'rapid' sand filter can either be cf t]-.e 
qra-.-.ty or the pressure type, and m either case^, the water pat sf.s 
di-wr.ward through the bed of sand at rates cf flow frorn 2 to 3 lTSqf.r 
per sq f*;. Since this filter operat.es at a much higher rate cf flew, 
: •_ IS necessary to pretreat the water by coagulation and settlinq 
.^.nd in thi- manner, renove the greatest part cf the. suspe.'^ded nat'if.-- 
pricr *-.c the actual filtration process. Unlike the 'slew' sand fil/.;r-, 
vhe rapid"' sand filter can be cleaned of the accumulated t\;rbid- '.y ■; , 
reversing the direction of r.he flew cf the water. This prccesr- is 
ccrijTC.'Iy referred t:o a? backwash mq. In backwashing, the fl'^w ol wa"^.*^: 
•,hrc-.ugh the sand expands and scours the bed anid carries away, m thf- 
water .= tream, the. accumulated solids. There are twr types of ''rapid 
s-hr.d filters, the gravit.y and the pressure types. The internal de--ig-. 
r f '.he two units are basically the same; th-^y operat-e on nhe sarie 
rates cf flow. Pressure filters, due t.e t' e.^r very nature, 5.re. lij,.itrQ 
•c the sraller size since it. is r.ct economical to build larqfr u:.v-;. 
cf This type. 
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PlTpPOSE or FILTRATION 



The primary purpose of filt.rat.ion is tc prot.ect t.he public 
health. In -..he earlier days of filt.ration, this was the only purpose 
-..r. treating the water. This, however, is no longer true. The tre- 
ner.dcuf increase m industrialization and urbanization have made it 
-ece^sary tc reduce -co an absolute imnimum any ob]ect:ionable odours, 
».^^i e.s and colour as well as providing a finished product of absolute 
clarity. 

^ In order to meet. t.hese requirements, it is necessary to 

prrvide a high degree of pretreatiment., so that the suspended matter 
\r. the wat.er can be gathered together by artificial means into par- 
t..icles of sufficient size^ and settled out, or removed by the filtra- 
t.if>n proc*='.?s. The subject of pretreat.menr. is covered in its own sepa- 
rate, lecture. 

MECHANICS OF FILTRATION 

We know from our own observar.ions and also from laboratory 
testing, tha*. '.he filtration process removes almost all kinds of tur- 
bidit.y from the water supply. There are four basic phenomena at work 
in accomplishing this removal. 

M e char, ical Straining 

The largest peir tides remain on top of the filter because 
r.he:r physical size will not allow them to paf.s through the small 
space between the individual grains of media, 

Iinpi .nq em.e.nt 

Do you remember as a small boy sailing match sticks in the 
gutter v..n a rainy day? If you do then you also probably remember that 
the natch st,icks had a tendency tc float to t;he side of the stream and 
promptly adhere to the curbing. Did you ever wonder why it is that 
when yc'j drive your car on a muddy day in r.he pouring rain, that the 
mud t:hat splashes onto your car remains or the car, rather than being 
washed off by t,he rain falling from above? The action taking place 
m e.i-uher cf t.he above cases is similar to that which takes place 
when -.urbid water passes down through the sand grains m a filter, A 
n.^r.ural physical phenopnena causes the particle to move to the surface 
r f '.he media and attach itself to it. 

Electrolyti c Actio n 

Both sand and anthrafilt grains carry an electrical charge 
fi'^ do particles of turbidiry which are suspended m the watero There 
electrical charges alter nhe physical and chemical makeup cf the ccr;.- 
?r.:tut.e.nte."in t.his wa^ affect, the f ii«-.erability. 



Chemical Reactions 

There are many organisms present in the top layer of the. 
f:>lter media. These organisms will promote chemical reactions, with 
incoming turbidity, and other organisms and in this manner affect 
filtering actiono 

Construction of _a Sand or Anthrafilt Filter 

A Gravity Filter is essentially a concrete box. The length 
■and t.he width will be to suit the configuration of the filters in 
t.he building, and the rate of flow which is desired. The depth of 
••-he box will be governed by the amount of head, or pressure if you 
prefer to call it that, required to push the water through the filter 
at the required rate, and also by the type of underdram which is 
ut'ed. If you refer to Figure 1 at the back, of the notes, you will 
riot.e m the cutaway view the principal parts which make up a gravity 
f.ilr.er. These, are the underdrain system, the gravel subfill, the 
filter media, the surface washer and the wash troughs. We will dis- 
cuss each of these in the above order. 

Underdrains 

The purpose of an underdrain system is to evenly distri- 
bute water over the. entire area of the filter o The most common type 
of underdrain is the header, lateral type shown here, and in the 
1^-est designs the laterals are thin-walled, stainless steel pipe. 
Holes are located on the underside of the laterals, and these must 
be properly sized for the water flows involved in order to ensure 
that adequate distribution takes place at all times. Since the back- 
wash flow rate of the average filter is 12 tol5 gallons per sq ft per 
rinute and the operating rate only about 3 gallons per sq ft per min- 
ute, two very vastly different rates of flow are involved. Since 
the only head available during the filtration process is the depth of 
water xr. the filter^ the orifices are normally sized for the filter 
flow and adequate distribution is ensured at the higher flows encoun- 
tered in backwash, when ample pressure is available from the backwash 
pump , 

G ravel Subfill 

The subfill per ferns two primary functions. The first .^r 
*..^ keep uhe bed of the filter media, which is extremely fine, frov.i 
p^^sir.q out t.hrough the holes in the underdrain system. Secondly, 
r.c distribute evenly the. flow of water which comes from each of the 
holes : ". the underdrain syptera, so that an even flow passes eivher 
vertically up or down through the bed of filter media. The dep'h of 
cTTavel which is required m any design of filters ir- therefore,, dirert 
ly related to the distance between the holes in the underdrain Rystr.;,.. 
P. reasonable figure to use for gravel depth is that it should be ftV' 
2 r.c 2 1/2 times the distance between the holes in the underdrain 
= v=r;e.m.. Thus if the holes in the underdrain are on 6~inch centre^! 



•-he gravel dep*:h should be 12 to 15 inches. The bottom or first layer 
cf gravel is extremely coarse o The size of t:he gravel has to be re- 
lated to the size of the openings in the underdrains. Normal range 
:.= from 1/2" through to 2", While this might seem a very wide range, 
yo'ji must remember that the orifices in the underdrain vary from 1/4 
to 3/4 of an inch in diameter. Progressively^ finer grades of gravel 
arp. ppread on top of the course; the ininimum depth of a layer is 2" 
\rd the final layer of gravel , or "torpedo sand" as it is sometimes 
called, will support the actual filter niedia. 

Since the function of the gravel i? to provide distributicn 
cf the water, it is essential tha+. the particles be as near round as 
pr?sxble ar.d completely insolubleo For t.his reason, the m.ost common 
n"a*.ftrial used is silica sea-gravel. Large deposits of this material 
^.re found on the Atlantic coast and it is from this area that most of 
•he gravel is imported. Anthracite coal or anthrafilt, as it is 
r.or.rr.ally called^ is also used as a supporting media. Unlike gravel. 
It is anything but round, but like gravel it will not pack and will 
lenam open,, allowing the water to pass up and down freely through it. 
S'jch things as crushed limestone cannot be used as in the first, place 
It. will pack down into a solid^ impervious layer., (as it does on road- 
ways), and also it will slowly, but. surely dissolve m the water. 

F ilt er Media 

On top of the bed of gravel is located the actual filter 
rediH with a depth of from 27" to 30". The original media used ex- 
clus.ively was «and. This was fcllcwed many years later by anthracite 
coal cr anthrafilto Today with the advent of the m.icro-floc system, 
wf. also find garnet as well as other + ypes of sand, which inccrpcr- 
\'.e i*^ the grain structure, such things as carbon, which greatly re- 
d .ce their weight. Effective size of the filter media will range 
from 0,15 fcr garnet to 1.0 ml for the coarser grades of anthrafilt, 
I". '/:e.w of the interest in the Micro-floc system, we will cover this 
.-.eparately in a later section of these rotes, and will limit ourselves 
^•. this time t,o discussing single media or dual media filters » These 
are made up exclusively of sand or anthrafilt alone, or the two com- 
b:.r.ed. Norirnal depth of the filter media will be 27" to 30" » The 
par'-.icle size in the filter media is described by a) its effective 
s^i7e., b) uniformity coefficient. The effective size is the sieve 
?ize of a media which will have the same hydraulic characteristics 
a.= 'he sample cf media, and is the theoretical size of a sieve in r.l- 
1 1 net. res that will pass ten percent, of t.he total weight of the media. 
The u-.iformity coefficient equals -- 

t.h eoretical s ize of a sieve in millimetres that, will pass 60% 
theoretical size of a sieve in millimetres that will pass 10% 

Filter sand has a bulk density of 100 lb per cu ft and is 
".crrally used with an effective size rar.gi.'-.g from 0^35 to 0.5 ml and 
i uriform.ity coefficient of not. more than 1.7 . 



Anthrafilt is a special type of anthracite hard coal which 
has been crushed (screened) for size and graded to have a uniform 
density. Anthrafilt has an average weight of 53 lb to the cu ft and 
the effective size is in the range of 0»5 to 1^0 nil. The ir.ost ccrrar^or 
grade of filter sand is 0.45 ml; the most common grade of anthrafilt 
IP 0,7 ml. These two filter medias will operate with the same, back- 
wash rateo 

In order to take advantage of each of these two media, they 
are now generally used together. They can be readily backwashed t.o~ 
gether and will always stay separated due to the difference in their 
backwash characteristics.. If the sand grain size is made too fine, 
'hen It will begin t.o mix with the anthrafilt and likewise the .ar/hra- 
f i It: grain size is made too coarse, then it will have the same effect. 
With the coarse anthrafilt on top, the filter will have a large capa- 
city for turbidity while the lower layer of fine sand will provide 
lor maximum particle removal. The combination of the two provide a 
rediA that will give greater number of gallons per filter run with a 
bet.r.er quality of water. 

Directly above the top surface of the filter media is po- 
?»i+.ioned the surface wash equipment. This may be m the form of a 
fixed grid of pipes with nozzles, or a rotating tubular arm, having 
small ?ets all along the trailing side„ In some cases a grid may be 
provided to introduce compressed air into the filter media providing 
A'hiir. IP commonly called an air wash,. Any of the three, methods can 
"he used to provide the necessary additional agitation to remove any 
and all suspended matter from the filter media. 

Located above the surface wash equipment p are the wash water 
t, roughs. These should be set at a sufficient distance above the bed, 
vo provide a free space between the underside of t.he trough and the 
•.<■■{: of the bed equal to 50 percent of the bed depth „ 
This figure of 50 percent is the backwash space normally provided 
i.'.'^.c which the filter media is expanded on backwashing in order to 
provide for adequate cleaning. The minimum requirement, for backwash- 
:.ng space is 30 percent. The depth of the wash trough will ^'ary with 
t.heir capacity, and therefore, the distance from x.he top of the wash 
trough to the top of the bed will vary ov^er a very wide range.o 

Other necessary appurtenances are the influent^ effluent 
ar.d wash water valves, as well as a valve to control the flow of 
water to the surface wash equipments All of these valves are control - 
led from a console, loca*:ed indirectly in front of and facing the 
filter so t.hat. all operations involved may be under the direct visual 
Tjupervision of the operator o Built into the control console are. in 
d:ca.*ing gauges showing such information as loss of head, rate, cf 
flew through the filter, and backwash rat,e of flowo .In some elder 
plant Sj particularly the small ones, individual hand valves are .= '. ill 
m jf-e, The large, newer plant. s incorporate automatic ^ or sr.iri- 
i-j^.omatiCi. conr.rol in which such dara as filter flow rate and lc,-s 
(.f head is fed into a master control console which automates the v al\'e 



F - 6 



cperaticn requLred in order to auromai-ically backwash a filt.er and 
rp.*urr. tf t.o service. 

Fxlt.er Ir-sr.ruine.ntat.j.cn 

In order to operate a filter at its optimum capacity and 
rgiXLinum ef f iciencyj, it is necessary to have a continuous check on 
*.he status of the filter. Such data as turbidity, before and aft.er 
fiitraticnj loss of head and rate of flow should be continuously m- 
d.i.ca*.ed and preferably recorded. 

Tu rbidity 

The prime function of a filter is to protect public health 
by rem.oving pathogenic organisms from the water , Most of these or- 
gan i^ms are bound \ip in the coagulated floe particles entering the 
filt.er and t.herefore^ it. follows that the turbidity of filter efflu- 
er.t is *.he bept ir.dicat.or of fil*-.er performance. Turbidities can 
be measured m the laboratory by such instruments as t:he Hellige tur- 
bidir'eter, and can be monitored on the filters with such indicating 
=i".d/or recording type, instrument, as produced by Bowser and by Hach, 

Loss of Head 

We previously described a filter as a concrete box with an 
•jr.dcrdrain gravel subfill and filter medium. We failed to mention 
at. that time that the box is filled water. In most filters, the 
di.-'ance from the surface of the water to the centre of the under- 
drawn system is approximately IC f t „ This is the total head or pres- 
sure available re push water through rhe filter- If the filter has 
IJPt bee-, backwashed: it is in its cleanest form and therefore, offers 
t.he least resistance to flow through it. Therefore^ it has what is 
called *.he smallest or lowest less of head. In the clean filter the 
loss of head is 1 to 2 ft.j and therefore., the maxim.um head available 
d .r mg the filler run, is the difference between the total depth and 
».he in.i*-ial lost^ leaving an available head„ in most filters, of 
8 i\.o 

As the filt.er is operated;, it rem.oves the turbidity from 
r.he. wa'.er and as the turbidity accumulates in the bed, the resistance 
to '.he flow of water increases or m o+herwards the head loss thrcugh 
the filter increases <, Therefore, the reading cf the loss of head is 
=xr. ir.dicat.iori of the 'clearl mess' or the "dirtiness'" of the filter. 
Then loss of head gauges become invaluable as one of t.he means of in- 
d.icat.mg when the filt.er needs backwashing,, A simple loss of head 
gauge can be constructed by connecting a clear piece, of plastic tubing 
•a vhf underdrair header and running -^he tubing vertically up the 
f^tde of ■» he filter box so that, the open end of the tubing is above 
♦he surface of the wat.er m the f liter „ If the level cf the surface 
w=ive.r in the filter is t_hen marked on the wall by the tubing, yoj 
CA' at any t. Lme measure from this point, down to the liquid level 
m the tube, and this distance m feet is the loss head„ Most m.odern 



loss of head instruments operate on this principle and simply trar.smi'. 
the measurement to the instrument located on the control panel. 

Rate of Flow 

From our discussion in the last section, I think that you 
will agree that there is a change in pressure loss through a gravity 
filter during the period of the run. If there is a variation m the 
pressure loss across the filter, and the total amount of head avail- 
able in the filter is constant, therefore, it would normally follow 
that the rate of flow through the filter would vary with the pressure. 
This however, does not lead to the best operating results and, as a 
result, the rate of flow controller was developed toovercome this 
changing pressure and make the filter operate, at a constant rate of 
flew. The rate of flow controller is nothing more than a ^'alve and 
a primary measuring device (in most cases a Venturi tube) , which when 
combined will allow the water to discharge from the filter at a con- 
stant, but adjustable rate of flow, independent of the change of pres- 
sure loss or loss of head as we have called it within the filter pro- 
per. The Venturi tube will put out two pressures and the difference 
in the two pressures will vary with the rate of flow. These two pres- 
!^ures are applied to the controlling diaphragm of a valve in such a 
way that as the rate of flow through the Venturi decreases, the valve. 
will open and in this manner a constant flow is maintained. 

FILTER OPERATION 

Pretreatment 

While pretreatment is an intrinsical part of every filter 
plant, and of prime importance to the operation of filters, we will 
only emphasis its importance in this particular lecture as the pre- 
*.reatment processes are covered separately and in detail elsewhere . 

Filtration Rates 

Up until approximately ten years ago, the normal desigr: 
filter rate for a rapid sand filter, producing potable water. was 2 
gallons per minute per sq ft of filter bed area„ In the last t-en 
years a tremendous aimount of time has been spent investigating filter 
aidSf using dual and miilti media. As a result of these efforts, it 
has now proved quite feasible to increase very markedly operating 
filter rates. It is not uncommon today to find filter operating at 
rates of 5 gal per minute per sq ft of filter bed area. The purpose. 
of these newly designed filters is to provide a media in which the. 
particle size is greatest at the top, and through the use of varyii.o 
i^.ypes of media gets progressively finer, as we proceed down through 
the bed to the bottom. Since the voids or spaces between the particles 
will be larger where the media size is greatest, the. voids in the 
upper portion of the bed are at their maximum and therefore, afford 
'he greatest, opportunity for the storage of turbidity. As rhe water 
proceeds through the bed, the size of these voids becomes progress ivelv 
?m.aller and while at the same time, the storage for the turbidity is 



becoming less, the degree of filtration is becoming better » It. is 
not uncommon today to have up to five different layers of material in 
a filter bed. The multi-layered filter is a part of the micro-floc 
process. In other types of media two layers are used in which case 
they are generally sand and anthrafilt and they are commonly known 
as a dual media filter. The decision^ as to which type of process 
to be used, can only be taken after a thorough study of the treat- 
ment, process and raw water conditions. We should point out at this 
point tha+. it is not always possible to increase the rate through 
ary particular filter. Filters are normally designed for specific 
rates of flow, and such things as the inlet flumes, the underdrain 
pystem, rate of flow controllers, and the discharge piping are all 
!?ize.d for this flow. If you were to try and double the rate of flow. 
It It. doubtful if the total head available in the filter would be 
sufficient to carry this out. In many plants it is quite feasible 
•t:o have two different rates of flow at different times of year. This 
is particularly ture with waters that are difficult to coagulate. It 
is often necessary to reduce the rate of flow through the plant during 
the winter months, in order to compensate for the poor quality of 
waver being fed to the filters, or alternately accept the poorer water 
quality. 

Backwash inq 

The process of backwashing a filter is the exact opposite 
of filTiration. The water rises vertically up in the filter rather 
'har p^iss down through it, and the process is to remove turbidity 
from t.he filter rather than collect it. Municipal filtration plants 
always utilize treated water for backwashing. The. water is delivered 
to the filter either from an elevated tcwer or from a backwash pump, 
either of which provide adequate pressure and volume in order to carry 
out backwash process.. A normal rate of flow in backwash for conven- 
tional filters is 15 gal per minute per sq ft of filter bed area. 
These figures, however, will vary depending temperature of the water 
beLng used to backwash. As the temperature increases, so the back- 
wash rate must be increased proportionally in order to give the same 
amount of expansion to the filter bed. The backwash water enters 
through the underdrain header and is distributed evenly over the entire 
.surface of the filter by the orifices of the underdrain system. It 
rises up through the gravel bed and enters the filter media. The 
gravel bed further distributes its water so that the distribution is 
uniform throughout the entire filt.er. We should mention at this point 
that- its extremely important m the operation of any filter that all 
val\'-es be opened or closed slowly,, since any abrupt change in the rate 
ci flow can distrub the gravel subfill. Therefore, when backwashing 
it i5 necessary to open the backwash valve extremely slowly. As this 
valve is opened, the amount of water rising up through the filter 
r::edia will gradually increase and as more and more water is forced up 
through the sand bed, the pressure, on the u.nderside of the individual 
grains of filter media becomes greater. This pressure eventually o^'er- 
coir.es the weight of the particle of filter media and the point at 
which this occurs is known as the point of fluidity. Once the flow 
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reaches this point, the particle will then begin to rise and the filter 
bed will begin to expand. The normal expansion of the filter bed ifi 
30 to 50 percent during the backwash periods During our earlier dis- 
cussion of wash troughs, we mentioned the fact that the distance from 
the top of the filter media to the underside of the wash trough, was 
50 percent of the depth of the media itself, and this is the backwash 
space and the space into which this filter media will expand during 
this time. The particles of media do not stay stationary but rather 
roll around in the bed continuously rising and falling. In the pro- 
cess they rub against each other and the combined action of the wat.er 
mc%'ing past, the particle of sand, and the scrubbing action of the par- 
ticles of sand rubbing against each other physically removes the ac- 
cumulated turbidity from the filter media grains. 

Tt was found from experience that this procedure does fiot 
always remove all of the turbidity from the filter media, and that over 
the years, there would be an accumulation on the media grains, which 
would limit their effectiveness as a filter media.. 

In order to overcome this accumulation on the filter grams, 
various types of surface wash systems have been installed. All of 
them incorporate jets which impinge down on the grains of filter media 
and physically aid in removing the layer of accumulated turbidity. 
The most common unit in service to day is the Palmer filter bed agita- 
tor . This unit is installed directly above the bed and is a self- 
propelled revolving agitator incorporating high velocity nozzles or 
;]et.s, which are inclined sc that, they discharge at an angle down into 
♦.he bed. The ^et of water not. only clean.q t^he filter media but also 
propel Is the arm, causing the entire assembly to rotate. It is most 
important that the minimum designed water pressure be provided for 
these units as without adequate pressure, they are quite ineffective. 

In operation, the filter media should be backwashed at the 
pcir.t. of fluidity which we referred to before. This flow is about 
6 gpm/sq ft/mmute. This is the point at which the particles of medi-T 
are in effect weightless in the filter bed. The Palmer agitator i^ 
*.hen turned on and allowed to run for a period of 5 to 7 minutes. Tl'f-. 
force of the ]ets of water from the agitator are sufficient, not orly 
to clean the grains of filter media j but also to cause them t.o move 
so t.hat the entire bed is gradually t.urned over and exposed to 'he ic. 
action. At the end of this period the backwash rate is increased a.' d 
•he agitat.or turned off. The filter is then backwashed at its norr-il 
backwash rate for an additional 3 to 5 minutes, and continued as io-j 
as necessary m order to remove all accumulated turbidity. The wat e.r 
15 then slowly turned off the media allowed to settle- 

Do not be stingy with backwash water 1 It is mos* important. 
that +he sufficiently high expansion of the filter be usea, in order 
to ensure that the rise rate or velocity of the water rising up» in 
the filters is sufficient to carry the particles of turbidity out of 
the filter and into the wash trough. While lower rates of flow appear 
in many cases to do the ]ob, it is false economy, if all the turbidity 
IS not removed. 
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Operating Problems 

The operating problems of a filter can be divided into two 
categories — 

1. mechanical failure of controls and equipment, 

2. failure of the filter itself. 

An adequate and properly coordinated maintenance program 
will do much to mmimxze mechanical failures. Modern day controls and 
equipment are quxte reliable when installed and operated in accordance 
wiT:h the manufacturer's instructions « Regular surveillance and main- 
tenance of such equipment will keep it m good operating conditiono 

In assessing the reasons for the failure of a filter bed, 
we must be aware of the troubles which are most likely to occur, 

1. Clogging of the filter media due to accumulated turbidity 
resulting from incomplete removal during the backwash opera- 
tion. 

2. "Cracking" or contraction of the bed which results from too 
long a filter run, as a result of which the media becomes 
too dirty and sometimes will pull away from the filter wall, 
allowing untreated water access to the lowest layers of the 
bedo 

3. Mudballmg - formation of tiny balls of accumulated turbi- 
dity binding together particles of filter media. As these 
increase in size, they become heavier than the filter media 
and gradually sink to the bottom and collect immediately 
above the upper layer of gravel. 

4. The shifting and intermixing of the gravel layers - this 
problem occurs primarily m the fine gravels located in the 
top of the supporting bed. It is caused by an even back- 
washing, rapid change in flow rate, a clog or break in the 
underdram systemo 

The measures which are necessary to overcome any of the above 
difficulty are largely quite obvious, and in some cases are not neces- 
sarily the fault of the operation of the filter itself. Filter clog- 
ging is a prime example of this m that it is frequently caused by 
i '•'.adequate pretreatment and methods of providing adequate treatment 
are discussed on this section of the course. One other point should 
be mentioned here. In many cases clogging can be overcome by pre- 
chlorination which will limit bacterial growth in the media. 

Cracking or contraction is generally the result of either 
inadequate, backwashing or of overrunning the filters. We mentioned 
during our discussion of loss of head that, it is one of the guides as 
to when backwash is required. The other is of course turbidity in 
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'he effluent. 

We cannot emphasize too strongly the importance of adequate 
backwashmg m every filter operation. The backwash flow rate should 
be as high as possible without losing filter media. I+-. should be 
carried on until the filter media is cleaned. We would suggest, that, 
samples of sand be taken periodically after the backwashing has been 
completed^ The samples should be taken at 6" increments down through 
•he top 18'- of the bed.. The samples can be added to clean water and 
shaken up,. From the amount of turbidity still left in the sample, 
a check can be niade of the condition of the media. I should point 
to ycu that no media will ever be absolutely clean, regardless of the 
«=xtent of the backwash. 

Reference has been made to the"micro-f loc" filter in dert- 
cribing multi-layered system of filter media, and to the fact that 
giade^ are such that the coarsest media is at the top of the filter 
ard t.he finest media at the bcttom„ The purpose of course is to pro- 
vide the greatest amount of sotrage for turbidity wit.hin the filt.e.r 
media while,, at the same t-ime,- providing a fine media which will pro- 
duce effluen*. water of the greatest of the best quality. The filter 
is frequently accompanied by a coagulant control centre, which con- 
sists of a small pilot, filter which is in continuous operation. A 
sample stream of the pretreated water is direct, to the pilot filter 
and the turbidity of the effluent is measured. The degree of tur- 
bidity in this effluent, is used to control the am.ount of coagulant 
fed into the main pretreatment, and in this manner, the main plant 
13 controlled so that it produces water of the greatest degree of 
clarityo In many cases the pretreatment with a iricrc-floc system 
does not include sedimer.tation., but only simple flash mixing followed 
by f locculation. All the turbidity plus the coagulants are taken 
out in the filter itself o 

Fressure Filters 

There is relatively little, difference ir. the desigr. of 
gravity and pressure filters as far as the internals are. concerned. 
There i3 cne very large difference in their operation, however. 
Where gravity filter only has a pressure of approxiTT\ately 8 ft of 
water cr. it. the pressure across the bed of a normal pressure filter 
can by anything up to 60-70 psi, .It. is therefore^, possible to drive 
the water through these filters under any condition in which the 
filter night be found.. 

Since it generally is not. feasible to provide very large, 
vessels in which the equivalent of flocculation and sedimentation 
t.^ke place^ it becomes quite difficult to provide, adequate settling. 
and ^:hen move the water from the effluent of the settling basir into 
the filter. This normally requires pumping and the pumping process 
in jt:self will break up the floe particles and make subsequent fil- 
t.ration difficult =. The in-line application of a coagulant s\ich as 
alxim by enlarge is not satisfactory,, and lends it-.self to only a very 
limited number of waters,, The advent of the coagulant aid or poly- 
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electrolyse as they are coiritionly called has been a grea*. help ir. t.hii 
type of application, as they do lend their,selves to in-lme applica- 
tion and to the rapid formation of a floe. 

Since you cannot see the sand bed during the backwash period^ 
many operators are somewhat reluctant to backwash pressure filters 
at the rates at which they should be operated. The best procedure is 
to provide a sample stream which can be examined continuously during 
backwash, and ensure that the rate of Haw is not so great as to cause 
the filter media to backwash out of the unit. From time to time it 
is necessary to increase the backwash rate to a point where a small 
anount of media is being lost in order that, you are always aware that. 
the unit is being backwashed at the maximum, possible rate. Since, all 
the'^e difficulties can quite adequately be overcome, through the in- 
stallation of proper controls, pressure filters of either the verti- 
C5.1 or the horizontal type can be used to quite good advantage in 
the Einall installations, where a cost factor makes gravity filters 
impractical. The difficulty of providing adequate pretreatment, how- 
ever, unfortunately limits their application. 

D i~ tcr.aceous Earth Filters 

Diatom.aceous earth filters can be best described as a filter 
in which the filter media is discarded along wit:h the accumulated 
turbidity. The filters themselves are either of the pressure or the 
var\ram type and in either case the water is clarified by passing it 
t.hrough the diatomaceous earth. Diatomaceous earth is held on a fine 
mesh fabric or screen called septum by the pressure of the water 
passing through it, Diatomaceous earth removes by filtration the 
turbidity from the water, and accumulates it in the coating or "cake"' 
as it is comr'.only calledo Diatomaceous earth is a natural occurring 
material composed of the fossilized skeleton remains of microscopic 
water plants known as diatoms. Each tiny diatom is a very porous 
structure of almost pure silica and therefore makes an ideal filter 
mcdia„ in t.he operation of the filter a small amount of the earth is 
c;.rculated through the filter and accumulated on the septum^ building 
up a thin cake known as a precoat. The raw water is then fed to the 
filter and m.ixed with the water is a small amount of additional dia- 
tonaceous earth, this portion is known as the body feed. We have a 
continuous accumulation on the septum of a mixture of turbidity and 
diatomaceous earth. Since diatomaceous earth is by nature porous, 
we can control the rate of pressure build up by controlling the amount 
of body feed. The limit of filtration is governed by the pressure 
loss across the filters: 30 psi are not uncommon m pressurized systems 
VPr.en the maximum pressure has been reached, the direction of water 
flow Ls reversed and the accumulated diatomaceous earth and turbidity 
Lf-: flushed to the drain. A new precoat. is installed on the septum 
and the filter is ready for a new cycle. Like the pressure filter, 
this type of system has only proved competitive from a cost standpoint 
on --he small systems. 
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OPERATION IN EMERGHK^IES 

J. M. Tiitiko , District Engineer, 
Division of Sanitary Engineering, 



INTRODUCTION 



For a number of years nov^ the need to prepare for 
emergencies has been widely publicized with special emphasis on 
bombings, particularly of the atomic variety. As impressive as 
the results of man made catastrophes might be, attention must 
still be paid to the threat of natural disasters, which though 
perhaps less destructive, are more likely to occur. Not a year 
goes by in which no part of the country experiences some type 
of emergency with greater or smaller consequences. No city or 
town is immune to disaster. Floods, explosions, hurricanes, 
ice storms, power blackouts, can strike any city or town without 
warning. 

In any emergency there are many parts to be played 
by many persons. Before launching into the technical details 
of emergency operation I would like briefly to outline some of 
the thinking behind emergency procedure and the role played 
by you the water works operator. 



PLANNING 

Numerous articals, papers, and conferences have been 
presented and held regarding the subject of emergencies at 
water works. The basic theme of all of these, can best be 
summarised by the Boy Scout motto "Be Prepared". 

Every water works, whether operated by a municipality, 
Public Utilities Commission, institution or a private company, 
should have a plan to place into immediate action should an 
emergency come. Many of the problems that may arise can be met 
by careful thinking and adequate planning before the emergency 
or disaster strikes. The two basic necessities of a disaster 
plan should always be borne in mind: knowing what to do and 
knowing how to do it. A course of action must be planned 
and personnel trained to carry it out. Without these essentials 
no disaster plan can be effective and successful. 



CONCENTRATION OF AUTHORITY 

One of the difficulties encountered in any organization 
of medium size is that major deviations from ordinary routine 
usually have to be referred to higher levels of management for 
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decision. In the event of a disaster, this refinement may 
not be possible e First because of the time required and second 
because of probable restriction in communication „ It is there- 
fore necessary to establish a clear cut line of authority that 
is operable on all levels so that the organization can begin to 
function as quickly as possible following an unexpected interrup- 
tion in routine operation . Someone should be chosen to head up 
emergency operations,, 

It has been found by observation of other successful 
plans and through direct experience that, once the person of 
responsibility has been selected, that person must be available 
at all times for decisions. Headquarters should be established 
and the person assianing the responsibility on a local le^'el 
should go immediately to the headquarters and stay there, This 
way everyone knows where to look for him. The natural reaction 
of most people in emergencies is to rush about quickly and satisfy 
their personal curiosity by direct personal observation. Such 
action greatly reduces the effectiveness of the entire crew. 
The chief authority should not leave the operational headquarters 
to observe field conditions through the intial stages, but must 
base his conclusions on the observations of others who report 
to him„ Only in this way can sufficient balance be maintained 
to marshal forces to the nwst pressing needs. 



DAMAGES SURVEY 

After the establishment of an operational headquarters 
and determination of the person of authority, the first item of 
business is to make a survey of the disaster. All available 
personnel, with the exception of the chief are immediately dis- 
patched to cover individual sectors of the community. This is 
where you come in. Their instructions are not to stop to make 
any repairs, to survey the situation quickly, and tD bring this 
information back to headquarters as soon as possible. In this 
way forces may be dispatched to the more pressing problems first 
according to a logical sequence of priorities. What may seem 
to one person to be disasterous in the particular sector may be 
very much less important by comparison with damage in other 
sectors. A decision should be made at headquarters and made as 
soon as possible. The person in authority should dispatch his 
personnel where they will do the most good, not simply to 
those problems which are first apparent. 
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ISOLATION OF DAMAGES 

The second step after observation of the degree of 
damage, is to cut off and isolate the damaged portions of the 
system before making repairs, so that the maximum uninjured part 
remains operable and the greatest possible saving of storage 
reserves can be made. At this point it becomes necessary to 
establish communications with others. Information must be 
provided to the Fire Department as to those areas where the 
availability of water may be curtailed. The health departments, 
police department and others must be made aware of the situation. 

Once the degree and nature of damages has been esta- 
blished the next important steps to be followed are the actual 
repairs themselves. The aim of your vater works system should 
be to maintain pressure in the distribution system; to make 
needed repairs promptly; to proceed with emergency chlorination 
until all danger from contamination is past; and to keep consumers 
informed throughout all the stages of the disaster. 

The following outlines methods of repair and disinfections 
oF systems before or after they have been damaged primarily due 
to flooding. 

However, the methods outlined for disinfection are 
generally applicable regardless of the cause of disruption or 
contamination . 



CHLORINATION TREATMENT AT THE WATER WORKS 

Flood waters entering the system from the water 
\Jorks should be chlorinated at such a rate to give a chlorine 
residual of about 2 ppm after 15 minutes contact time. Personnel 
TLth chlorine testing kits should begin to fan out from the plant 
to determine the travel of the chlorinated water. The rate of 
application should then be adjusted co maintain a chlorine 
residual of between 0.5 and 1.0 ppm in all parts of the distribu- 
tion system. Any spot that does not clear up within a reasonable 
period of time should be flushed by opening hydrants. Bacterio- 
logical samples should also be taken to prove the effectiveness 
of the chlorination. 

An unpalatable water drives consumers to use other waters 
which may be unsafe. If heavy chlorination causes objectionable 
tastes and odours, ammonia in the form of ammonium sulphate or 
anhydrous ammonia may also be added at the water works to mini- 
mire tastes due to chlorine. Concentrations of chlorine in 



G - ^ 



excess of 1 ppm may kill goldfish. The consumer should be 
educated to consider the smell and taste of chlorine as a 
sign of safe water rather than undesirable water. 

If the distribution system becomes contaminated during 
the disaster or following it, the health department officials 
through the disaster headquarters should issue a warning that 
all water used for drinking and cooking purposes should be boiled 
until the syfJtem has been found bacteriological ly safco 



SHUT DOWN PROCEDURES 

If it becomes necessary to shut down the water works, 
all consumers should be warned in advance « The people should be 
asked to store water but not to fill bathtubs in order to avoid 
a sudden demand on the system which may dangerously deplete 
pressures and reduce fire flows; 

(1) Weil Supplies 

When a flood threatens tc cover a well, the unit 
should be ran ccntinuously to fill all storage reservoirs^ The 
motor shaft should then be uncoupled; the bolt holding the motor 
frame tc the bedpipe loosened, and the motor blocked high enough 
in the air tc be. out of reach of the water„ The breather pipe 
should be plugged , Every effort should be made to keep the flood 
water from entering and ccncaminating the well. A ring levy of 
clay mud and s.and bags will hold back five feet of water if built 
wide enough „ 

(2) Surface Supplifeg 

As flood watetis reach the elevation at which the 
water plant's protection levies will be topped or a break may 
occur, the operator should begin to prepare the plant for shut 
down. 

In all electric powered plants, the first step is the 
notification of the power company when the entire plant will be 
shut down„ Aft.er emergency portable standby lighting equipment 
has been put in' service, all switches controlling incoming electric 
power should be opened and te&ts made after the power is turned 
off to make sure that no electric current will reach the plant 
after flooding begins o Other precautions, such as removing 
gasoline and oil stored below high water level, should be taken, 
Tliese materials, spread over the water surface create a fire 
hazard and teake the cleaning of equipment difficult » 
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At Steam powered plants the fires should be extinguished 
far enough in advance of the actual flooding of the boiler room 
to permit the firebox lining to cool. This will reduce the 
fractured damage to fire brick when it is suddenly subjected to 
cold water. 

All readily removable items of equipment, chemicals and 
supplies should be secured out of danger. 

(3) Distribution System 

In order to cope with distribution system emer- 
gencies, special service vehicles should be available and equipped 
with two-way radios, hand or power operated valve keys, auxiliary 
generators for emergency lighting, pressure gauges, pipe and 
valve locaters and chlorination equipment. 

Probably the most important item Is a complete set of 
maps and notes showing reservoirs lay-outs, feeder mains, 
distribution mains, stream crossings and control valves at 
street intersections. 

The loss of bridges and wash-outs may necessitate the 
shutdown of larger feeder mains. The shutting down of a large 
main is not a casual operation but one calling for speed, 
training, and previously planned procedure. There must be 
some means of knowing when a break occurs and or what main. 
This information should be transmitted to the repair crews 
as soon as possible. The man in char^ of the crew should have 
a plan showing vjhat valves are to be operated to effect the de- 
sired results. It should be pointed out that it may take three 
to four men up to thirty minutes to close manually operated 
12-inch or 16-inch gate valves. 

A flooded distribution system should not be polluted 
if the pressure has not been off in the system. 



DISINFECTION OF MAINS 

The principle causes of contamination are; 

1. Main breaks; 

2o Back-flow through faulty pliombing; 

3. Cross-connections; 

4. Reduced pressure within the system 
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There may be a tendency to overlook disinfection when 
the need for restoring services is grave. Regardless of the 
urgency, disinfection must be carried out. For the disinfection 
of contaminated mains the following procedure should be used: 

1„ Shut off main; 

2, Repair main as soon as possible; 

3, Thoroughly flush main of all sediment; 

4„ Inject 50 ppm chlorine and rest for 4 to 24 hours; 

5. Flush main thoroughly; 

6, Enter premises and instruct the occupants to flush 

the system by opening every faucet for fifteen minutes, 

It is important to thoroughly cleanse and flush the mains 
before treatment is commenced. Disinfection of grossly contam- 
inated mains may be facilitated by first slugging the system 
with a heavy dose of 200 to 250 ppm and following this by 
water containing 50 ppm for 4 to 24 hours. The chlorine may 
bo applied by means of mobile chlorinating units or by using 
hypochlorite powder solution „ Some operators prefer to use 
portable chlorination equipment rather than relying on the 
placing of hypochlorite in each length of pipe. Other operators 
prefer to keep all chlorination equipment at the water works 
and provide for disinfection of mains with the least amount of 
equipment. 

The system can also be disinfected by raising the pH to 
10.5 with common hydrated lime. When flushing the system it is 
necessary to see that the pH is 10,5 at all ends of the system. 



FMERGENCY CHLORINATION METHODS : 

A complete description of a temporary chlorine cylinder 
filling station from tank to cars is given in the September, 
1954 issued of the AWWA Journal . The article written by Mr. 
B. L„ Shera also describes how calcium hypochlorite solution 
can be made from lime and liquid chlorine. 

The presence of chlorine is usually detected by means of 
orthotolidine „ Chlorine residuals up to 10 ppm will give a 
vellow colour with orthotolidine , Residuals between 15 to 20 
ppm give a bright red colour, and residuals of about 50 ppm give 
a brown precipitate with orthotolidine. 
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1, Direct Gas Feeding 

A dry feed gas chlorinator consists essentially of a 
reducing valve and a rate of flow indicator. Fluctuations in 
%as pressure due to temperature variations of the liquid chlorine 
are minimi-'.ing by enclosing the cylinder within a vertical nest 
of cells through which pass tap water. 

If a dry feed gas chlorinator is used to apply chlorine 
to an open flume, the diffuser on the end of the supply line 
should be submerged at least four feet and preferrably six 
feet , 

A chlorine cylinder \<i thout equipment may be used for 
direct feed during an emergency, controlling the rate by count- 
ing the bubbles per minute through a water trap. Low sensiti- 
vity of the cylinder valve limits the adjustment to about one- 
hal£ pound ner hour per cylinder. 

A detailed description of one procedure using chlorine 
cylinders follows; Following the repair of the main, a section 
of pipe is left out so that a high velocity wash can be obtained 
to remove small stones and other debris. Tvo taps are made above 
the break and f-^o chlorine diffusers are inserted. Chlorine 
cylinders are then connected to each diffuser. Chlorine is 
applied to the water used to wash out the line. Upon replacing 
the length of pipe which is removed for cleaning purposes a 
blovi out valve or hydrant is opened at the end of the contaminated 
area. The pressure in the line should be kept under thirty 
pounds to permit direct feeding from the cylinders. Once a 
blood red residual is obtained, the blow-off or hydrant is 
closed and the line is allowed tc stand for four to twelve 
hours. Then the water is blown off. The blow-off is closed 
v^hen a residual of about 0,2 to 0,3 ppm is obtained. This 
system is useful only when the pressure is considerably less 
than that of the cylinders, 

2. Hypochlorinators 

Reciprocating pump-type hypochlorinators are 
applicable to water supplies ranging from 100 to 100,000 gallons 
per day. Injection pressures may reach 100 psi. Pumps are 
usually of the diaphragm type pulsating in a rubber, glass 
or plastic chamber. 



3 . Gravity Hypochlorite Solution Feeders 

Chlorine solution can be fed into an open channel 
through an orifice tank having a float valve to maintain a 
constant solution level. The orifice tank has an orifice insert 
in the valved cutlet union, The float is connected to a valve 
on the discharge line from a stock tank elevated above the orifice 
tank. Unifority of feed is obtained by the constant level 
orifice tank which may be a toilet flush tank„ The orifice may 
be made by inserting a corrosion resisting disc, having a hole 
and reemed to the proper si^e of the union. 

For maximum simplicity, the hypochlorite solution can be 
fed with sufficient uniformity without constant level control 
provided the tank is above the orifice discharge „ If the 
variation of the operating level in the tank is restricted 
to 2 feet, this elevation provides uniform dosage within 5 per 
cent. The orifice is merely a perforated cap into which a 
series of liners having various diameter openings may be 
inserted to vary the feed rate. Control may also be had by 
means of a stop valve. 



REHABILITATION 

All flood water and silt should be removed from reservoirs 
pumpwells and basements, The affected areas should then be dis- 
infected with a strong chlorine solution (250 to 300 ppm) „ The 
floors and side walls should be scrubbed dovijn thoroughly. All 
water used for scrubbing should then be removed „ 

Sand filters should be thoroughly washed and sterilized 
with a strong chlorine solution. When the filters and reservoirs 
are cleaned and placed in operation, chlorine residuals at the 
plant of 2 to 3 ppm should be maintained until bacteriological 
tests show that normal chlorination treatment can be safely 
resumed . 

All flooded or damp motors and other electrical equipment 
should be thoroughly dried and inspected before re-use. Where 
necessary, new equipment should be installed. 

Flooded motors are reconditioned by heating. This may be 
done by immersing the motor in hot parafin, placing it in an 
infra-red cabinet or using othe:- lamp arrangements. After the 
East Chicago pumping station failure in January 1949, the flooded 
motors were first subjected to a current at low amperage and 
voltage, thus utilizing internal heat of the mctors„ Then, special 
lamps were used for the final drying,. 



New motors may sometime be dried with a blov torch if 
handled by an experienced electrician for care is needed to avoid 
burning of the insulation. 



CONCLUSION 

The importance of having a written plan of emergency 
procedure cannot be over emphasi?:ed. No matter how well 
thought out in advance, the plant must be available to every 
level \'hen it is needed. The plan must be simple. It does 
no good to hand someone a thick book during an emergency; 
a couple of sheets of paper v^ith some answers on them may be 
used. What is needed is a simple key to indicate where to 
look for things that have been carefully accumulated and to 
indicate emergency procedures that have been developed in 
advance . 

The repair and treatment methods outlined in this 
lecture should be thoroughly understood and the procedures 
applicable to your system rehearsed periodically in order that 
they can be put into action quickly when required. 



-J !■ 3^'.- ■»■- 1--^ • '- —T^ '^ 

H - 1 

RECORDS AND REPORTS 
J. Wesno, Assistant Operations Engineer 
Division of Plant Operations 



A record may be defined as a compilation or collection 
of figures, facts or data relating to an event or sequence of 
events, A report, on the other hand, is an explanation of the 
facts or figures that appear on a record. 



RJECORDS 

The maintenance of records, or the collecting of 
figures to compile them is considered by many of us as a time- 
consuming task, a thing which someone thinks we should do, but 
for which many of us can see no unportant purpose. 

Still, oiu: very existence, professionally and otherwise, 
is one record after another and we maintain these records either 
mentally, to be forgotten as soon as the data is received, or kept 
in permanent form for future reference. Records are used, also, 
for the regulation of daily affairs and future planning. We all 
keep them and use them constantly, e.g. a bank book which aids in 
guiding present and future expenditures. If we do not maintain 
a bank account we have no money, or we bury our wealth in a hole 
in the ground. Even in the latter instance, we keep a record 
of where the burial spot is. 



REPORT 

Again, we accumulate records of our car mileage and 
how much gas we use. As scon as we calculate the miles per 
gallon of gas used, for someone's information, we are making 
a report based on the data collected from our car mileage records. 

Instead, there is nothing peculiar about our maintaining 
records and preparing reports. Only the degree and the type of 
information desired differentiates between them. 
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We can apply the above to the operation of a water works 
or a water works system. The records we keep and the reports we 
make can be categorized as : 

1. Operational records 

2. Maintenance records 

3. Statistical records 

4. Accoxxnting records 

The information contained in each record may overlap 
depending upon how the record form is composed. Data of an 
operating nature may also relate to maintenance and/or statistics. 
This information will vary with the type of plant, the size of the 
plant and the method of treatment, the source of raw water and the 
extent of the distribution systenio Data recorded may be on an 
hourly basis, semi -hourly, once a shift, twice a shift, weekly or 
monthly basis. Your records may be voluminous or sketchy, but in 
each case relative to what you want or need in order to operate 
your plant efficiently. Regardless of the form in which you are 
required to accumulate data, you will probably record additional 
information for yoxir own broader understanding. 



OPERATIONAL RECORDS 



Treatment Plant 



Records relating to the operation of the treatment plant 
may include information incorporating filter runs, wash water used, 
pumps in operatioti, chemicals used, condition of the raw and treated 
water, flowsj, chemicals on hand and on order, chlorination rates, 
power consumption, power factors, periods of maximum electrical 
demands, weather observations, and results of laboratory control 
tests used by you to assure the adequate treatment of the water 
delivered by the plant. If your initial supply is from wells, 
you will be interested in recording well drawdowns and rates of 
aquifer replenishment. If your supply is from streams or lakes 
you will, no doubt, desire to record stream levels or lake levels. 

In order to set up a system of adequate records, two 
essential elements must be remembered. Firstly, the form and 
extent of the records to be kept must be carefully planned. 
Secondly, a procedure must be established to ensure the contin- 
uance of the records selected. This is most important, because 
a given set of operating conditions, if not recorded immediately, 
can never be accurately reproduced^ 
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OP ERATIONAL RECORDS 

Distributiing Systems 

In the case of distributing systems, the records relating 
to the operation and maintenance of the system are not static and 
definite procedures to ensure tl-vit information will flow froir the 
field to the control point are necessary, A record of priirary 
significance to the operating and malnceiance of a distribut io-r 
system is a comprehensive map. This map should be en as large 
a scale as possible, and should show all mains, main sizes, types 
of mains, valves, hydrants, streets, reservoirs, elevated tanks, 
wells, booster stations and emergency inter -connect ions with other 
systems. If possible, blow-offs, air release valves and normally 
closed gate valves should be indicated. The original map should 
be carefully stored and copies issued to operating personnel for 
their use. As the map must include the entire system, the scale 
TT-ay be too small to show the required detail. Therefore, to have 
an adequate record it will probably be necessary to divide the map 
into sections on separate sheets, using an adequate scale to shrw 
the requisite detail. Sectional maps must be accurately scaled 
so that adjoining sheets will coincide. Information on sectional 
maps will show subdivisions, lots, blocks^ tracts., streets and 
easements, street names and widths, mains, size of mains, locations, 
rr^dterial, year installed, hydrants, type, class of hydrants, details 
relating to valves, service lines including size and location, ar'd 
all ether pertinent information relating to the system or secticn 
of the system under study. In other words, the section map Is a 
magnified part of the major system map which enables you to read 
the fine print, In large distribution systems, it has often been 
found advisable to enlarge or divide section maps for issuance to 
works foremen assigned to particularly congested areas, Ir. pre- 
paring a section map it may not be possible to obtain all the 
desired information in an economically short time. This informa- 
tion may be omitted until it can be obtained without undue expepsc .. 



VALVE RECORDS 

In any event, sectional maps are among the most important 
of all distribution system records. Supplementing these maps, 
HPd for use of the field crews, are valve records. Valve rccordf. 
are lists of all gate valves with their location, function and 
operation. Data is given as to valve number, size, make, clai's, 
nuirber of turns to open, direction of turns to open, stre«$t Icoa- 
r.ion, distance and direction from the principal street line or 
curb and intersection, or other information to help rapidly locate 
the correct valve. 
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MAINTENANCE RECORDS 

Maintenance records on each section of main, each valve, 
hydrant, or blow-off on the system can be set up to show the 
trouble experienced, remedy^ time and material required to effect 
repairs, and the costs involved. By accumulating records of this 
nature, it is possible for supervisory personnel to evaluate types 
of material or equipment, forecast future trouble spots, set up 
preventative maintenance procedures and prepare maintenance budgets, 
Maintenance records can be most easily compiled and kept as a 
running record by employing card reference files. 
The use cf cards will: 

(a) Simplify the procedure to be adopted for adequate 
maintenance and lubrication of all equipment. 

(b) Establish correct time intervals between lubrica- 
tion of equipment. 

(c) Establish a policy of preventative maintenance 
for all equipment. 

(d) Establish, where possible, a standardization of 
maintenance practices and lubricants for more 
efficient and economical operation of plants. 

(e) Remove from the operator the burden of remembering 
when maintenance and/or lubrication should be 
carried out,, 

(f) Provide an accurate lubrication record of each 
unit or piece of equipment. 

Information on the card usually includes all pertinent 
information relative to the unit to which it refers. Each unit 
will have a card which will identify the equipment by a plant 
number and will list name plate data, model, serial number, 
manufacturer, supplier service representative, lubrication 
instructions by type and grade of lubricant and frequency of 
lubrication. A category on the card is for a brief description 
of repairs made, parts replaced, servicing and repair costs. 
Some operators colour code the cards for lubrication inspection 
or overhaul periods. The use of coloured cards will enable the 
operator to identify quickly equipment requiring various inter- 
vals of inspections, routine maintenance and lubrication. 
Periodic spot checks by the plant superintendent will give immed- 
iate indication of whether routine maintenance instructions are 
being carried out. 
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STATISTICAL RECORDS 

Much of the data acci^nulated on daily operating log 
sheeti^ may be classed as statistical in nature. Such data 
de^'.ls with hourly flows^ maximxjin and minimum flows, total flows 
power consumption, quantities of chemicals used, water condi- 
tions, periods and times of maximum power demands, hours of 
pump operation, and many other factors ttiat can be ccrripared 
wifh past records and be used for forecasting futurp. operating 
frnditions. Close comparison of these figures show many in- 
teresting features. For instance, it has been possible by the. 
collation of total flows to indicate to main crews that a leak 
has occurred in the distribution system. Cost of operation, 
total flows and plant capacity will provide data which may 
influence the provision of meters in the system or metered 
supplies to the users. Periods cf maximum power demand will 
give you clues as to when to start auxiliary, mechanically 
driven pumping units, thereby reducing monthly power bills 
and. in turn, plant operating costs. Total flows or maximum 
flows may indicate the necessity for increasing plant capacity 
or revising plant design. 



ACCOSTING RECORDS 



All accounting records may not come under the juris- 
diction of the plant operator, but information including 
inventory control, costs of maintenance, and time or pavroll 
d/ita do= From the point of view of the operator, the payroll 
records are highly important. If they are not accurate, and 
if they are not submitted to the central accounting point on 
time, he, necessarily, will receive ccT?.plaints. With the 
development of machine accounting, many of the major accounting 
records are maintained in the fonr of punched cards > The 
advantage of punched cards is that much information can be 
Lrii-luded on them in a small space. Later, these cards can be 
used for billing procedirres and collection data. 



DAILY LOG BOOK 

Another useful record is the diary or daily log book. 
M.Tny miscellaneous incidents in plant operation do not fit into 
t ht regular records employed; however „ they should be kept in 
.-.rme t:vpe of permanent form Such information noted might 
include; occasional numerical data and measurements, maintenance 
I tens replacements and repairs, start-ups, trouble and various 
nnrhods tried for correction in start-ups or treatment, complaints 
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from customers, visits by officials or authorities and their 
comments, reports from other agencies such as the Department 
of Health re inspections and tests, and similar facts that an 
operator always appreciates having on hand. This data may 
be quickly referred to if the daily summary sheet of operation 
contains a cross reference. Instances arise where knowledge 
of the data of an occurrence, even without further detail, is 
helpful. 

In this dissertation, I have not attempted to relate 
what records should be kept, what data should be recorded, or 
how often data should be recorded. I have merely indicated 
a few suggestions as to what some operators may keep in the 
form of records. In the final analysis, the records you keep 
will depend on the type of plant you operate, the amount and 
category of information you require for answers to inquiries, 
and what information will enable you to operate the plant 
efficiently and economically, I have also tried to stress 
the great importance of accuracy and the need for continuity 
in your records. Also, attention has been directed to some 
of the ways in which this information is used. Finally, if 
records are carefully assembled and analyzed, they can be of 
much assistance to you and to your supervisors. 
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BASIC FLUID MECHANICS 

A. Ro Townshend, P. Eng, , 

Supervisor, Design Approvals Branch, 
Division of Sanitary Engineering 



INTRODUCTION 

Fluid mechanics 5s the study of all fluids under all 
possible conditions of rest and motion. It has stemmed ^n 
recent years rrom the subject of hydraulics which covered only 
.^ study nf liquids and was largely empirical ^"n nature, Tlie 
newer, rational approach to fluid behaviour is based upon the 
classical principles of mathematics and physics. 

In the first lecture and the two following lectures 
on the subsequent operators courses, we will build upon your 
knowledge of arithm.etlc, algebra, and physics to explain and 
demonstrate certain basic principles of fluid static- and fluid 
Flow considering water as the fluid. Once the basic principxes 
are understood, we will apply them to practical problems 
encountered both in the distribution system and at the water 
treatment plant. 

On this basic course, we will consider some fundamental 
properties of fluids, water pressure, and pressure measurement, 
Vr.e lecture and demonstrations on the Intermediate Course will 
cover the basic principles of water flowing In pressure conduits, 
flow measurement, and flow tests on the distribution system. The 
tlv'rd presentation will concentrate on the hydraulics of filter- 
ing and backwashing rapid sand filters. 

The flow of water in pipes or channels when not under 
pressure is limited in the water works field to some gravity 
supply lines and to conduits in gravity treatment plants. 
Therefore, open channel flow will not be discussed because on 
its lack of application for most operators in attendance. 



PROPERTIES OF FLUIDS 



mass, spec 
pressure 



The proper ties of fluids to be considered are weight, 
if ic weight, specific gravity, viscosity, and vapour 



Ueiaht (w) 

Every body in Che universe exerts a force ot 
gravitational attraction on every other body. The force of 
gravitational attraction which the earth exerts on a body 
is called the weight of the body. 

Thus, the statement that a man weights 160 pounds 
Is equivalent to stating that he is attracted by the earth 
with a force of 160 pounds. Since the v/eight of a body is 
a force it must be expressed in force units which is "pounds" 
in the English system. 

The force of gravitational attraction between two 
bodies decreases as the distance between them increases. 
Therefore, the weight of a body is not an unchangeable 
property of a body but diminishes as the elevation of the 
body is increased, because of the increased distance to the 
earth's center. 

K&an (M) 

The term mass as used in mechanics refers to that 
property of matter v^ich in everyday language is described 
by the word "inertia". We know from experience that an 
object at rest will never start to move by itself-a push or 
pull must be exerted on it by some other body. "Inertia", 
therefore, is that property of matter because of which a force 
must be exerted to accelerate it. (Newton's Second Law 
7 = Ma, 1686). 

The mass of a body is an unchanging property of the 
body independent on its velocity, acceleration, or height 
above tlic oarth's surface. 

It is found by v/^ighing the object and dividing 
by the corresponding value of the acceleration of gravity 

(S) 

M = w 

S 

In t:he English force unit system, mass units are 
called "slugs". Since M is fixed, the acceleration of 
gravity varies in direct proportion to the variation in 
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a body's weight. This is the reason that "g" is smaller at 
high altitudes than at the earth's surface. 

On or near the earth's surface the gravitational 
force is nearly constant. The acceleration of gravity "g" 
in the English force unit system is usually taken as 32.2 
feet per second per second. 

Specific Weight (W) 

Unit or specific weight is the wei^t of a fluid 
contained in a unit volume. It is expressed in the English 
system of dimensions as pounds per cubic foot. 

The specific weight of water changes only slightly 
with pressure but varies appreciably with temperature. It 
is greatest at 4*^0 i.e. 39.2°F being 62.45 pounds per cubic 
foot. At 80°F it Is only 52.22 pounds per cubic foot. 

Specific Gravity (s) 

Specific gravity is the dimensionless ratio of 
the specific weight of the fluid in question to the specific 
weight of distilled water at 4''C and atmospheric pressure. 
The specific gravity of water at the standard temperature 
and pressure is 1.0, 

Specific Gravities 'S" of Some Liquids 
at RooE> Temperature (680F) 
(Referred to water at 39,20F) 

Water 0.998 

Mercury 13.546 

Ethyl Alcohol 0.789 

The specific weight of other liquids may be readily 
calculated by the expression: 

W (lb. /ft. 3) = s X 62.45 (lb. /ft. 3) 

It is very important to use the correct units for 
the known factors when solving equations, otherwise the 
answers will not be correct. 
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Viscosity (u = mu) 

Viscosity is that property of a fluid which causes 
resistance to flow. It may be thought of as the internal 
friction of a fluid. In the liquid state the molecules are 
packed as closely together as possible and the viscosity is 
apparently due to the cohesiveness of the molecules. As the 
temperature is increased, the cohesion decreases and the 
viscosity decreases. 

Viscosity u (mu) has the dimensions of lb, sec. /ft. 2, 
Under ordinary conditions of pressure viscosity has been found 
to vary only with temperature. 

Viscosities "u" of Some Liquids (68°?) 

u X 10"^ lb. sec. /ft. ^ 
Water 2.1 

Mercury 3.2 

Ethyl Alcohol 2.3 

The signifigance of viscosity will be discussed on 
the Intermediate Course while studying fluid flow and on the 
Senior Course while considering backwash rates. 

Vapour Pressure 

All liquids tend to evaporate or vapourize which 
they do by projecting molecules into the space above their 
surfaces. Such molecules, being gaseous, are capable of 
exerting a partial pressure, the "vapour pressure" of the 
liquid. Since this pressure is dependent primarily upon 
molecular activity it will increase with increasing 
temperature. 

For boiling to occur, a liquid's temperature must 
be raised sufficiently for the vapour pressure to become 
equal to the pressure imposed on the liquid. Thus, the 
boiling point of a liquid is dependent upon its pressure as 
well as upon its temperature. 

Vapour Pressure of Some Liquids (68°F) 

psi 
Water 0.339 

Mercury 0.000,025 

Ethyl alcohol 0.850 
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The table shows the great value of mercury in the 
barometer where there is almost a perfect vacuum at the top 
of the column since the vapour pressure is only 0.000, 02J 
nsi It also shows that a greater pressure must be maintained 
on gasoline to prevent its boiling or evaporating than is the 
case for water, 

HYDROSTATICS 

Hydrostatics is the branch of fluid mechanics which 
deals with the pressures and forces resulting from the weight 
of a fluid at rest. In the second part of this presentation 
we will consider fluid pressure, the mercury barometer, the 
absolute and gauge pressure systems, the Bourdon gauge, and 
manometers . 

Fluid Pressure 

By pressure is meant the force exerted on a unit 
area. It is usually expressed in the English System as 
lbs./in2 (psi) or lbs. /ft. 2 (psf). 

A fluid confined in a vessel exerts forces against 
the walls of the vessel. By Newton's Third Law (action and 
reaction are equal and opposite) the walls exert oppositely 
directed forces on the confined fluid » 

As we will demonstrate, the magnitude of the pressure 
at any point is equal to the product of the vertical distance 
below the surface and the specific weight of the liquid. 

P = WH 

where P is the pressure in lb. /ft, 2 

W is the specific weight lb./ ft. 
H is the distance from the liquid surface to 
the point of pressiure in ft. 

also H « P/W = the pressiore head. 

It expresses the depth in feet of a liquid of a 
unit weight W required to produce a pressure P. 



All points in a connected body of fluid at rest 
are under the same pressure if they are at the same depth. 
The pressure is independent of the size or shape of the 
container. Also, as we shall demonstrate, the pressure 1s 
the same in all directions as first postulated by the French 
scientist Pascal in the mid 17th century. 

Absolute and Gaup;e Pressure 

As indicated previously pressure, which is force 
per unit area, is expressed in a number of different ways 
such as pounds per square foot (psf) or pounds per square 
inch (psi). Such a pressure, however, must be with respect 
to some datum or reference pressure. 

•■cnh.. Most pressure-measuring devices read in terms of 
gauge pressure- that is, the pressure relative to the surround- 
ing atmospheric pressure. This is because practically all 
pressure gauges read zero when open to the atmosphere and read 
only the difference between the pressure of the fluid to which 
they are connected and that of the surrounding air. 

TfT i:hp. oressure is below that of the atmosphere, 
it 's desi'^nat^d .is n vacuum and its gauge value is the 
amnunt by wh-oli ' t: *g b'^lo-; that of the atmosphere. The 
ntmospher'c pressurn 's nl' o called the barometric pressure 
nnl vnr'es v/'t:h the cTltJtude. As we will show you shortly, 
atmospheric pressure at mean sea level and standard condit^'ons 
is considered to be 14.7 psia (pounds per square inch absolute) 

Pressure can, therefore, be measured above absolute 
zero. All values of absolute pressure are positive as a 
negative value would indicate tension, which is normally 
considered impossible in any fluid, A perfect vacuum would 
correspond to absolute zero pressure. 

The two systems of pressure measurement may be 
converted from one to the other by the following expression: 

-Vacuum 
Absolute pressure = Atmospheric pressure 4-Gauge 

Pressure 

Tliese relationships are illustrated in Figure 2. 



-J-/- 



1-7 



Example ; 

A Bourdon gauge registers a vacuum of 12.5 inches 
of mercury when the barometric pressure Is 14.5 psi . What 
Is the absolute pressure? 



Absolute pressure 



= Atmospheric pressure - Vacuum 
- 14.50 (psi) - 12.5 (inches) x 



14,50 (psi) 
8.35 (psi) 



14,7 (psi) 
29.9 (inches) 
6.15 (psi) 



Mercury Barometer 

The mercury barometer (Figure 3) is used to measure 
absolute pressure . The mercury barometer is constructed by 
filling the tube with air-free mercury and inverting it with 
its open end beneath the mercury surface of the receptacle. 

Vaporization of the mercury being neglected, the 
space In the top of the tube is thus completely evacuated and 
there is nothing whatever to exert pressure in the space thus 
the pressure here is the lowest possible, called "absolute zero", 

Since the mercury column H is in balance with the 
atmospheric pressure and since the pressure at the top of the 
column is close to "absolute zero", it is evident that the 
length of the column is a direct measure of "pressure above 
absolute zero" or "absolute pressure". 

If p = atmospheric pressure *= 14.7 psi. (The 
atmospheric pressure varies somewhat with weather and altitude). 



H = p/W 



14.7 lbs. /in. ^ x 144 x tn.^/ft.^ 
13.54 X 62.45 lbs. /ft. 3 



- 2.50 ft. 

- 29.9 in. 



If the column is of water and the vapour pressure 
of the water is neglected: 

H « 14„7 X 144 = 33.9 feet 
62,45 
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If the pressure p I's 1 psi 

H = l X 144 = 2.31 feet 
62o45 

It should be remembered that standard atmospheric 
pressure ^s approximately 14„7 psi, 29 »9 Inches of mercury, 
and 33,9 feet of water » Also, 1 psi is approximately equal 
to 2„31 feet of water c 

Bourdon Gaupe 

The Bourdon Gauge (Figure 4) is an instrument for 
measuring gauge pressure. The pressure is introduced into 
a curved, hollow metal tube which is usually made of brass „ 
One end nf the tube is fixed to the frame of the gauge. The 
remainder of the tube is free to move. As the pressure 
introduced into the gauge is increased, the tube gradually 
straightens, the free end moving in proportion to the 
internal pressure. The pointer is thus activated to indicate 
the pressure on the face of the gauge. 

Such gauges are calibrated to read in pounds per 
square inch, pounds per square foot, or inches of mercury 
or feet of water. The gauges can be made to give results with 
1/2 per cent over the range for which they are calibrated. 
Tlie average commercial gauge, however, is likely to register 
no closer than 5 or 10 per cent. Greater precision can be 
obtained in increasing the diameter of the gauge or by decreas- 
ing its range. Error due to mechanical friction within the 
mechanism can be minimized by tapping the gauge with the 
finger or a pencil just prior to taking a reading. 

Because of the inertia of moving parts and of the 
fluid column, rapid pressure fluctuations cannot be followed 
with precision. If the gauge is subjected to a very high 
pressure the metal in che tube can be strained beyond the 
elastic limit and a permanent set will take place. The calibra- 
tion i<i no longer valid but when this occurs the indicator 
hand reads greater than zero when the pressure is the same on 
both inside and outside the tube. Some gauges have a movable 
scale to permit the zero reading to be set for any desired 
pressure. 
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A pressure and vacuum gauge combined anto one is 
knovm as a compound gauge. The pressure indicated by a 
gauge is assumed to be that at its centre. If the connecting 
piping is filled completely with fluid of the same density as 
that in A (Figure 5) then: 

PA - U4 X psi + Z 
W W 



For vacuums - 

PA - Z - S X in. Hg 
W 12 
Demonstrations of these relationships as well as the 
Bourdon Gauge are outlined in the Supplement to the notes. 



Piezometers 

A piezometer (Figure 6) is a very simple device for 
measuring moderate pressure of liquids. It consists of a 
tube in which the liquid can freely rise without overflowing. 
The height in the tube will give the pressure head directly. 

To reduce capillary error the tube diameter should 
be at least 1/2 inch. The hole must be drilled absolutely 
normal to the interior surface of the wall and the tube must 
not project beyond the surface. The hole should be very 
small, not over 1/8 inch for small pipes and not more than 
1/4 inch for very large pipes. 

Simple Manometers 

Manometers are tubes attached to reservoirs, pipes 
or channels for the purpose of measuring the pressure. The 
equations of hydrostatics are used to determine pressures 
from manometer readings even though manometers are most 
frequently used to measure pressures in moving fluids. The 
manometer liquid most commonly used is mercury. 

As indicated above, when the manometers contain 
only the fluid in the conduit they are frequently called 
piezometers. Piezometers are very sensitive pressure gauges 
but are impractical for the measurement of high pressures 
because of the excessive length of tube required. 
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Consider the U-tube manometer (Figure 7) in u^lch 
all distances and unit weights are known and pressure P^^ is 
to be found. 

Since over horizontal planes within continuous 
columns of the same fluid pressures are equal. Pi = P2 and 

Pi = Px + ^■^ and P2 "= + \i-^n 

Px + WL = Wj^H 

and Px = WiH - WL 

For more complicated gauges it is helpful to commence 
the equation at the open end of the manometer with the pressure 
there, then proceed through the tube to the unknoiim, pressure 
point adding terms when descending and subtracting, when 
ascending and equating the result to the unknown head. Using 
this method for the U-tube of 7ii,ure 7; 

+ WnH - WL = P^ 

i.e. Px - Wj^H - WL 

If the absolute head is desired, then the zero of 
the first term will be replaced by the atmospheric pressure 
head. It is essential to take into account the specific 
weight of the fluid in the connecting tube if it is different 
from that of the fluid of unknown pressure. 

In measuring a vacuum, the manometer arrangement 
shown in figure 8 should be used to permit air or vapour 
from collecting in the tubing. For this case: 

- _20 W mercury - 8 W water = Pu 
12 12 

Pw = - (20 X 13,6 X 62„4) ' CL ,, ^ ^ 50 4^ 
(12 ) (12 ' ) 

= - 1414 - 41 

= - 1455 psf gauge 

©r - 10.1 psi gauge 
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Differential Manometers 

Differential manometers are frequently used to 
measure the difference between two unknown pressures P^^ 
and Py as in Figure 9. 

In writing the gauge equation for the differential 
manometer, there is no open end at which to start. One may, 
however, commence at the left unknown and set the terms down- 
positive and negative as before- equating the result to the 
other end pressure. 

Px + WiLi - W3H - W2L2 - Py 

Px - Py - W2L2+ W3H - W^Li 

The alternative method as before is to equate 
^Pl^ to P5 and 

Px + W^L^ = Py + W2L2 + W3H 
and Px - Py - W2L2 + W3H - W^Lx 

BASIC FLUID MECHANICS- DEMONSTRATIONS 

No. 1; SPECIFIC WEIGHT OF WATER 

The first demonstration is to determine the weight 
of a cubic foot of water at room temperature using a cylinder, 
rule, scales, and bucket of water. 

Method 

1. Determine the diameter of the cylinder In inches; 

2. Convert diameter to feet; 

3c Find height to fill cylinder in feet to hold one cubic 
foot of water; 

V = TT d^h where TT » 3. 14 

^ h * V X 4 
VL d^ 
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4. Convert h to inches and mark cylinder; 

5. Weigh cylinder empty and record weight in ounces; 
6c Fill cylinder with water to the mark; 

7. Weigh cylinder on scales in pounds and ounces; 

8. Find weight of one cubic foot of water in pounds by 
difference and converting ounces to a decimal fraction 
of a pound (1 lb. * 16 oz„); 

9. Answer = IbSc/ft.^, 



NO. 2: SPECIFIC GRAVITY OF SALT SOLUTION 

The second demonstration is to determine the specific 
gravity of a salt solution using first a bottle and scale 
and second a hydrometer and container^, 

Method A 

1„ Weigh the empty bottle; 

2. Fill :' t to overflowing with water; 

3. Wipe off water and weigh again; 

4. Empty the water, fill with salt water as before and 
weigh again; 

5o Arrange results as follows; 

Weight of empty bottle * ounces 

Weight of bottle with water * 

Weight of bottle with salt solution = 

Weight of water «< 

Weight of salt solution « 

S.Gc of salt solution - Weight of salt solution 

Weight of water 
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Method B . 

1. Fill container with water; 

2. Insert hydrometer and take reading; 

3. Empty the water and fill with salt solution; 

4. Insert hydrometer and take reading; 

5. The S.G. of the salt solution = Readin;^ with salt solution 

Reading with water 

NOTE: The hydrometer Is marked to show the volume 
and thus weight of water it displaces which 
is equal to the weight of the hydrometer 
itself. (Archimedes Principle), 

6. Compare the results. 

NO. 3: FLUID PRESSURE 

This experiment is to prove that in a liqu5d at 
rest under gravity the pressure exerted is proportional to the 
depth, is the same in all directions, and is Independent of 
the volume of liquid used. 

Apparatus 

The pressure gauge consists of a small glass funnel 
(or thistle tube)A (Figure 10) over which is tied a thin sheet of 
rubber. A rubber tube D connects the funnel to a U-shaped 
glass tube F, of small bore, in which is coloured water or 
aniline oil which acts as a manometer. An increase of pressure 
on the sheet rubber forces it inwards and this will cause a 
difference in the levels of the liquid in the manometer, the 
amount of which can be measured. The thistle- tube is fastened 
to the lower end of a rule in such a way that it can turn about 
a horizontal axis in the plane of the rubber. In this way the 
rubber sheet may be made to face any direction. 
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Methoil 

Lower the funnel into the water (which should be at 
the same temperature as the room) until 3 Inches below the 
surface. Note the depth and observe the difference 1n the 
levels of the liquid in the manometer. By means of a wire 
attached to the funnel turn it so that it faces in different 
directions, and observe any change in the manometer. Be 
careful not to kink the tube. 

Lower the funnel 3 inches further; note the depth 
and the difference in the levels. Rotate as before and observe 
the manometer reading., Continue this until the bottom of the 
vessel is reached. 

Next, use a vessel of smaller cross-section and 
repeat 'che operations o Tabulate the results in each case„ 
Draw a curve in ;^lch ordi nates represent depths of the 
rubber sheet and abscissas represent differences in the 
levels in the manometer. Determine the relationship between 
depth and pressure. 



NO. 4: ATIiO SPHERIC PRESSURE 

This experiment is to measure the pressure exerted 
by the atmosphere using a mercury barometer (Figure 3). 

Apparatus 

A heavy glass tube about 40 inches long, closed at 
one end (the internal diameter of the tube should be at least 
1/4 i nch); mercury ; dish. 

Method 

Pour mercury into the tube until it is nearly filled. 
Hold the finger over the open end and invert the tube several 
times in order to collect the air bubbles, although the air 
cannot be fully eliminated without boiling the mercury in the 
tube, and to do this requires special apparatus. Then, complete 
the filling of the tube, placing the open end under the surface 
of mercury in a dish. Support the tube in a vertical position 
and measure the height of the mercury in the tube above that 
in ';he dish in inches. Express the atmospheric pressure in psi. 
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NO. 5: BOURDON PRESSURE GAUGE 

This demonstration is to study the Bourdon Gauge 
(Figure 4) by taking one apart, examining it, and detennin- 
ing how to calibrate it. 



'o 



Correcting positive pressure gauge readings relative 
to various datum planes (Figure 5) will also be demonstrated 
using apparatus similar to that for No. 3, 

NO. 6; UNDERSTANDING VACUUM READINGS 

The apparatus shown in Figure 11 will be used to 
demonstrate differences in vacuum gauge readings by adjusting 
the elevation of the mercury manometer connected to the 
suction line of the pvnnp. 

Readings at different levels will be recorded and 
compared with the results of No. 3 and No. 6. 
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BASIC FLUID MECHANICS 
LECTURE NOTES ( SHEET No. I ) 
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BASIC FLUID MECHANICS 

LECTURE NOTES (SHEET No.2) 
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OPERATION AND MAINTENANCE 
OF PUMPS AND MOTORS 

A. B. Patterson, Director 

James F. MacLaren Limited 



PUMP OPERATION 

Pumps, like people, act differently under different 
conditions. To select pumps intelligently and operate them 
efficiently requires an understanding of what may and may not 
be expected of them. 

In order that you may all understand the basic funda- 
mentals of centrifugal pumps, I propose to have you prepare a 
characteristic curve for a typical centrifugal pump using test 
data which is provided. 

(At this point all candidates prepared a Head-Capacity Curve) 

Now we have in simple graphic form a picture of what 
will happen under any specified condition. The data for this 
curve must be carefully measured by an actual test and is 
always available from the manufacturer. As pump operators, 
you should know where these cxirves are and how to use them. 

The pump we are considering is one of constant speed. 
As operators, you are aware that it is sometimes necessary to 
change the discharge pressure or head against which this pump 
must operate. Such changes may be brought about by any one 
of the following conditions : 

(a) Installation of a new and larger feeder main 
from the pumping station resulting in lower 
back pressvire. 

(b) Installation of a new tank or reservoir into 
the pumping district with a resultant change 
of head. 

(c) Installation of additional pumping capacity into 
a station resulting in a greater back pressxire 
or pump head. 
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We would expect that the engineers or suppliers would 
be called in to help with this problem, but I feel that as 
operators you should know the basic facts and be prepared to 
enter into an intelligent discussion. This is not difficult. 
Three simple rules are involved, and I would suggest that they 
be committed to memory. They arer 

(1) Capacity of a unit varies directly as the impeller 
diameter ratio. 

(2) Head varies directly as the (impeller diameter 
ratio)^ . 

(3) Power varies directly as the (impeller diameter 
ratio)^. 

A simple way to remember these is to arrange the three 
key words in alphabetical order and then number them - 
1, 2 and 3 - as follows: 

1 - Capacity 

2 - Head 

3 - Power 

Returning now to the characteristic curve data, we 
note that at a capacity of 4,000 g.p.m, the unit will operate 
at a head of 140 ft., an efficiency of 87%, and consume 163 
brake H.P. 

Assuming that the new impeller diameter will be 11.5 
inches as compared with the existing impeller diameter of 12 
inches, we are now able to predict the new pump characteristics 
at the reduced impeller size. 

The basdc ratio is - 

New Capacity as New Impeller Diameter 
Old Capacity Old Impeller Diameter 

We know three of the four values; therefore, let X 
equal the unknown and we can easily solve for X. 

Capacity: Let X = New Capacity resulting from the smaller 

Impeller diameter. 

X = 11.5" 

4000 12.0" 

X = 11.5 X 4000 = 0.958 x 4000 
12 

= 3,832 G.P.M. 
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Head: Let X = New Head resulting from the smaller 
' Impeller diameter. 



X = rii.5"" [ ^ 

I40 Ll2.0"J 

X - rii-5" | 2 X 

|_12.0j 



140 = 0.918 X 140 
= 129 ft. 



Power- Let X = New Horsepower requirement resulting 
' from the smaller Impeller diameter. 

X = rii.5"" ] ^ 

163 Ll2.0"J 

X = ril.sl ^ X 163 = 0.879 x 163 = 143 B.H.P. 
L12.0J 

To sum up, we now know that an impeller reduced from 
12.0 inches in diameter to 11.5 inches in diameter will change 
the pump characteristics as follows: 

Capacity from 4,000 G.P.M. to 3,832 G.P.M. 

Head from 140 feet to 129 feet. 

Power requirement from 163 B.H.P. to 143 B.H.P. 

The efficiency, for all practical purposes, will 
remain the same. 

PUMP INSTALLATION AND OPERATION 

(1) Pump Piping 

Never use pipe smaller than the pvtmp nozzles, and 
preferably use larger, especially on the suction side. Use 
eccentric reducers from the larger suction pipe to the pump 
nozzle to prevent formation of air pockets in the pipe. Suit- 
able tapered reducers on the suction and increasers on the 
discharge will ensure efficient flow on the system and conserve 
power. Run all piping as directly as possible and with a 
minimum of elbows and other fittings. 

Never place a pipe -line elbow in a horizontal plane 
directly at the pump suction nozzle. Between the elbow and 
the suction nozzle, use a piece of straight pipe at least four 
to six pipe diameters long. An elbow attached m a horizontal 
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plane directly at the pump suction tends to cause unequal thrust 
and hydraulic losses due to the liquid filling one side of the 
suction chamber and impeller eye more than the other. 

Whenever possible the suction reducer and the discharge 
increaser should be installed directly on the pump nozzles. This 
produces better conversion of flow velocity and reduces hydraulic 
losses that might be caused by valves or elbows directly at the 
pump suction, and that might affect the pump efficiency. 

Plan and install the suction line so that air pockets 
cannot form in it. A tight suction line is essential for proper 
operation of any pump. Air leaking into the suction line gets 
into the pump, reduces its capacity, and may cause it to stop 
pumping. A small air leak in the suction will cause trouble 
in any centrifugal pump. 

Install a gate and a check valve on the discharge line 
close to the pump. Put the check valve between the pump and 
gate valve and the tapered increaser between the pump and check 
valve. The check valve protects the pump against excessive 
surge pressure and also against reverse rotation. 

When the capacity of a centrifugal pump must be con- 
trolled by throttling, always use the discharge valve. 

(2) Priming Centrifugal Pumps 

No centrifugal pump of the usual type will start 
pumping properly until it has been satisfactorily primed. 
Satisfactory priming requires that all air must be removed 
from the pump, and that the pump be completely filled with 
the liquid. Never attempt to prime a centrifugal pump while 
it is running. It is necessary that the pump be at a stand- 
still while it is being primed. Under no circumstances should 
a pump be operated without being completely primed. 

(3) Direction of Rotation 

A pump should never be run in reverse rotation. Since 
it is sometimes difficult to determine the rotation of polyphase 
alternating -current motors in advance of operation, it is nec- 
essary to try them out for proper rotation before connecting them 
with the pump. 

(4) Packing 

Do not have the packing too tight. Unduly tight packing 
increases power consumption and causes rapid wear of the shaft 
sleeve. When first starting, back off on the stuffing -box -gland 



J - 5 



nuts until free leakage occurs. Then draw down uniformly on the 
stuffing -box -gland nuts until leakage is reduced to a few drops 
a minute. Never tighten the packing sufficiently to prevent all 
leakage. A slight leakage is required to lubricate the packing 
and prevent scoring of the shaft sleeve . 

As leakage increases during the service of the pump to 
where it cannot be reduced by drawing up the gland, add another 
ring of packing to the stuffing box. After a further period of 
operation if excessive leakage again occurs, which cannot be con- 
trolled by gland pressure, then all the old packing should be 
removed from the stuffing box, and a new set of packing rings 
installed. When repacking the stuffing box, if packing rings 
of the exact size cut to proper length are not available and it 
is necessary to cut the rings from coil packing cut the required 
rings so that the joints are flush. When installing the rings 
in the stuffing box, make sure that the joints are staggered. 
If the stuffing box is fitted for a water seal and lantern ring, 
be sure that this ring is in the proper position when installing 
the new packing. Check the lantern-ring position with respect 
to the water-seal line when the packing is compressed. 

(5) Wearing Rings 

Wearing rings are fitted into the casing, and frequently 
on the impeller, at the inlet from the suction chamber, to reduce 
leakage from the discharge to the suction. These wearing rings 
have a small clearance and depend upon the liquid in the pump for 
lubrication. They will eventually wear, and the leakage will 
increase from discharge to the suction. Rate of wear of these 
rings depends principally upon the character of the liquid being 
pumped. Since the efficiency of the pump is lowered as the 
leakage past the rings increases, they should be replaced before 
they become badly worn. 

(6) Pump Casing 

Efficiency of a centrifugal pump is affected by many 
factors. The transition from energy of motion to pressure 
energy takes place within the casing. It, therefore, follows 
that a smooth transition is necessary for minimum losses. To 
this end the inside casing of the pump must be as smooth and 
regular as possible. Routine maintenance must be performed 
once every two years on all internal water passages, wire brush- 
ing, chipping, scraping and final polishing, followed by two 
coats of good quality paint is an essential for high efficiency. 



MAINTENANCE OF ELECTRIC MOTOR 

An electric motor is the most important type of machine 
used for driving rotating equipment like centrifugal pumps for 
reasons of costs, simplicity of operation and ease of maintenance, 

The m.ost common type of motor for centrifugal pump 
operation is the squirrel cage induction motor. 

Compared to a gas engine with hundreds of moving parts, 
the induction motor has only one moving part, the rotor. Main- 
tenance of the rotor bearings, if of the oil sleeve j'purnal type, 
is the most important and the m.ost frequent. 

Another important maintenance requirement of electric 
motors concerns heat . 

In this discussion, consider a common induction motor 
rated as follows: 

200 H„P., 3 phase, 60 cycles, 1185 R,P.M. 

The efficiency of the motor is 94 per cent. 
The power input - 200 -r -94 = 212.8 H,P. 

Power losses due to the resistance in the windings and 
friction, etc., account for 6 per cent of the total power input 
or 212.7 X .06 = 12.8 H,P. 

This power is unable to perform useful work, and is 
converted to heat. To illustrate how much heat is developed, 
if the heat losses from this motor were applied to one gallon 
of water at room temperature (720F.) the water would boil in 
2-1/2 minutes. 

The manufacturer has designed the motor to remove this 
heat by providing ventilating ducts and fans, and has protected 
the windings against an allowable quantity of heat by use of 
such materials as mica and glass. 

However, if dirt and dust are permitted to build up 
on the windings and clog ventilating passages, the machine will 
not be able to waste sufficient heat and the ensuing tem.perature 
rise will reduce the efficiency of the motor gradually to the 
point of insulation breakdown and possible machine failure. 

To prevent this, the atmosphere in the pump room should 
be kept free from dust and the motor itself should be cleaned by 
an electrician once a year. 



MAINTENANCE OF MOTORS 

(1) Keep dust removed. Dust insulates windings against the 
loss of heat thus interfering with proper cooling; a mat of 
dust will retain oil and moisture. On slip rings and commuta- 
tors, dust causes wear and poor electrical contact. Wipe off 
housing and rings regularly, and blow the dust from the windings 
with a clean air jet (never above AG p.s.i. pressiire) or hand 
bellows. Keep oil cups closed to prevent access of dust to 
bearings. 

(2) Keep free from stray lubricating oil. When oil -soaked, 
the insulation is softened and liable to burn out. Good contact 
is impossible with dirty commutators or rings. Oil and dust 
deposits are removed by carefully scraping, or wiping with a 
solvent like carbon tetrachloride. Avoid soaking the insulation. 
Never lubricate oil ring reservoirs while the motor is running, 

as overfilling and spread of oil may follow when the motor is 
stopped. 

(3) Keep motor as dry as possible. If a megger test shows a 
low insulation resistance due to moist conditions, the motor may 
be dried by passing a low voltage current through the windings 
with the armature locked stationary. A fan to blow air through 
the windings aids evaporation. During long idleness, cover the 
motor with a tarpaulin and keep dry by the heat from a couple of 
light bulbs. When flooded, a motor may be reconditioned by con- 
trolled oven baking, by infra-red rays, or by a bath in hot 

^' ,, paraffin. 

(4) Keep bearings properly lubricated according to manufacturer's 
recommendations. Bearings should be inspected at least weekly. 
Oil rings in sleeve bearings should rotate freely with the shaft. 

(5) Keep commutator or slip rings smooth. Good operating 
condition is indicated by a clean, polished brown colour; a 
bluish colour signifies overheating. If worn in grooves, re- 
surface by means of a commutator stone; never use emery cloth 
nor an emery stone. Reset brushes or renew them if more than 
half worn. Check brush pressure and clean brush holders if 
dirty. 

(6) Do not overload the motor. The resulting heat may melt 
soldered connections and bake the insulation. Overload protec- 
tion is obtained by an overload relay or proper sized fuses. 
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TYPICAL CENTRIFUGAL PUMP DATA 







SPEED 


OF 1200 RPM 






IMPELLER 


DIAMETER 


- 12 INCHES 






HEAD 












G. P. M. 


(FT.) 






EFFICIENCY 


B. H, P. 


1000 


164 








47 


88 


*2000 


160 








71 


113 


3000 


152 








83 


139 


3500 


147 








86 


151 


*4000 


140 








87 


163 


4500 


130 








86 


171 


*5000 


118 








83 


180 


5500 


100 








77 


180 


*6000 


72 








66 


165 



CAPACITY 



New Capacity as New Diameter 
Old Capacity Old Diameter 



_ Therefore X 



4000 



= 11.5 
12 



Cross Multiply and Solve for X 



X = 11.5 

12 
Head X 

140 


X 


4000 - 

rii.sn^ 

_ 12 _ 


0.957 X 4000 = 
Therefore X = 


3,830 

"11. 5~ 
_ 12 _ 


G.P.M. 
2 X 1 


X 


0.916 X 


140 = 128 ft. 




Power X 

163 


= 


-11.51 3 
12 


Therefore X = 


rii.5l 

_ 12 _ 


3 xl 



63 



= 0.877 x 163 = 143 H.P. 
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BASIC MATHEMATICS 

G. H. Mills, P, Eng. 

District Engineer 
Division of Sanitary Engineering 



This first discussion is concerned with basic mathematics. 
Before one can solve the problems related to dosages, pumpages, 
retention times, flow rates etc„, he must be able to understand 
certain fundamental mathematics „ This discussion will deal briefly 
with simple mathematics and with certain rules and concepts, which 
if used will make mathematics easier to understand and to perform^ 

Mathematics is the science of calculation of quantities 
and is used to describe as a group the three basic sciences - 
arithmetic, algebra and geometry „ 

Arithmetic is the study of numbers and the use of numbers 
to count, describe and calculate quantitieSo It includes the simple 

mechanical process of addition, subtraction, multiplication and 
division. 

Geometry is the study of the magnitudes of space, such 
as lines, surfaces and planes ^ 

Algebra uses symbols and equations to describe the 
relation between quantities and to determine solutions to problems.. 



ARITHMETIC 



Arithmetic will be discussed under the following headings 



addition 

subtraction 

multiplication 

division 

fractions 

decimals 

percent 
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Addition 

Probably the only rule to remember in adding numbers 
which do not have the same number of digits is to line them up 
starting from the right-hand side. 

The symbol for adding is + 

Example ; 

Add 6,404; 28; 732 

6,404 

28 

732 

7,164 

Subtraction 

The same basic rules which apply to addition apply to 
subtraction. 

The symbol for subtraction is - 

Example ; 

Subtract 828 from 4,272 

4,272 
- 828 
3,444 

Multiplication 

Multiplication is the process of repeating or adding a 
given number a certain number of times. The number which is being 
multiplied is called the multiplicand; the number by which it is 
multiplied is called the multiplier; and the result is termed the 
product. 

The symbol for multiplication is x 



I 
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Example ; 

Multiply 6,785 by 14 

6,785 (multiplicand) 

X 14 (multiplier) 
27140 
6785 
94990 (product) 

Division 

Division is simply the process of finding how many times 
one number or quantity is contained in another. The number which 
is being divided is called the dividend; the number which it is 
divided by is called the divisor; and the resultant number is the 
quotient. Quite often there is also a remainder. 



le symbol 


for division is 


♦ 




Example : 










Divide 1 


,752 by 12 

146 

12/1752 
12XX 

55 
48 
72 










72 

- 


no rema 


inder 



Divide 18,473 by 68 



271 


(quotient) 


(divisor) 68/18473 


(dividend) 


136^^ 




487 




476 




113 




68 




45 


(remainder) 
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Fractions 



I 

i 
I 



In many cases it is impossible to express a quantity as I 

a whole number, and we must use fractional numbers such as 1/8, 
1/4, 2/3 etCo Difficulty is often experienced in doing minor _1 

calculations with fractions, A brief review of the calculations | 

involved in the addition, subtraction, multiplication and division 
of fractions is presented. 



The upper number in a fraction is called the numerator, 
the lower is called the denominator. 

(1) Adding Fractions 

Before fractions may be added they must all have a common 
denominator. To get a common denominator, find the smallest number 
into which all of the denominators will divide. Having obtained 
this number, multiply the numerator and denominator of each fraction 
by the number of times its denominator divides into the common 
denominator. 



II 
I 



form. 



Fractions should always be reduced to their simplest 



Example 



Add 3, I and _5 
8 4 16 

By inspection the lowest number into which each of the 
denominators will divide is 16, and this is the common denominator. 
Now 8 will divide into 16 twice, and multiplying the numerator and 
denominator by 2, the fraction now becomes 6/16. Similarly, 1/4 
becomes 4/16 and we can now add because they all have a common 
denominator. 

_6 + _4 + _5 » 15 
16 16 16 16 

Often a whole number will contain a fraction, and before 
calculations may be made the number should be changed to a fraction 
only. 
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Example ; 

Add 1 and 5 3 
8 4 

The number 5 3/4 is changed to a fraction by multiplying 
the denominator by the whole -number portion and adding the 
numerator, that is, 4 times 5 plus 3, and the number becomes 23/4, 

We now have: 

1 + 12 
8 4 

Changing to a common denominator of 8: 

1 + 46^47 or 57 
8 8 8 8 

(2) Subtracting Fractions 

The rules for subtracting fractions are similar to those 
for adding - there must be a common denominator. 



Example ; 

Subtract _3 from _8 
16 32 



8 
32 


3 
16 




8 . 
32 


.6.2 
32 32 


or 1 

16 



(3) Multiplying Fractions 

It is not necessary to change simple fractions to a 
common denominator before multiplying. Simply miltiply the two 
numerators and the two denominators together. 
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Example : 

Multiply 2 by 2 
4 3 



1x2 
4 3 

_ 3x2 = _6 or _1 
4x3 12 2 

When one of the numbers to be multiplied contains a 
whole number and a fraction it must be changed to a simple fraction 
before multiplying. 

Example : 

Multiply 1 by 3 2 
4 8 

1x35 
4 8 

= ix 29 
4 8 

= i X 29 - 29 

4 8 32 

(4) Dividing Fractions 

To divide one fraction by another the simplest rule to 
follow is to invert the bottom fraction and multiply. 

Example : 



Divide 5 by 3 
16 4 




= 5*3 
16 4 




_ 5/16 
3/4 




.5^4 

16 3 




= 5 X 4 =» 20 - 

16 X 3 48 


5 
12 



K 



Example 



Divide 


5 3 by 1 




4 8 




5 3,1 

4 8 


= 


5 3/4 
1/8 


= 


23/4 
1/8 


aa 


23 X 8 
4 1 




184 , 46 




4 1 



46 



Decimals 

Another method of expressing fractional numbers is by 
the use of decimals. Decimals express fractions in multiples of 
10, that is, tenths, hundredths aid thousandths. 

1 - 0.1 _1_ - 0.01 1 = 0„001 
li 100 1000 

As shown above, a decimal fraction is denoted by a digit 
with a period in front of it, The value of the decimal depends on 
the position cf the figures with respect to the decimal points For 
example, if a decimal is imjiediately in front of a number it means 
that tha number has been divided by 10, 



Example : 

0,7 = _7 
10 

If there is a zero between the nuniber and the decimal 
it means that the number has been divided by 100 o 

Example : 

0.09 - _9_ 
100 



\ 
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In addition to decimal fractions there are also mixed 
decimals which are whole numbers with a decimal fraction. 

Example ; 

12 1 = 12.5 
2 

(1) Adding Decimals 

When adding decimals the numbers must be listed one below 
the other with the decimal points in a vertical line. 

Example : 

Add 31.56, 4.32 and 88.8 

31.56 

4.32 

88,80 



124.68 

(2) Subtracting Decimals 

The rules for subtracting decimals are similar to those 
for adding. 

Example : 

Subtract 8,4 from 14.73 

14.73 
- 8.40 







6 


33 






Example: 












Subtract 


9. 


32 from 


17 


.8 






17. 


80 










- 9. 


32 







8.48 
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(3) Multiplying Decimals 

This is done in the same way as ordinary multiplying and 
the decimal point is disregarded during the calculation Add the 
total number of digits to the right of the decimal in the two 
numbers being multiplied and insert the decimal point in the answer 

Example : 

Multiply 3.55 by 3.2 

3„55 
i 1 
710 

1055 

113^0 or 11.360 

Since there are a total of three digits to the right cf 
the decimal in the two numbers multiplied, there must be three 
digits to the right of the decimal in the answer „ 

(4) Dividing Decimals 

Before dividing numbers which contain decimals the decimal 
in the divisor should be moved a sufficient number of digits to the 
right to change it to a whole number Of course, the decimal in 
the dividend must also be moved a similar number of digits to the 
right. 

Example : 

Divide 253.5104 by 3.52 



3.52/253 510'; becomes 



72,02 


352/25351,04 


2464 


711 


704 


704 


704 
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The decimal point in the answer (quotient) is placed 
directly above the decimal point in the dividend. 

To change a fraction to a decimal simply divide the 
numerator by the denominator. 

Example ; 

Change 1/4 to a decimal 

0.25 
4/1.00 

8_ 

20 

20 



Therefore 1/4 =0.25 

Percent 

Percent is a proportion expressed in hundredths and is 
used to provide a comparison of the whole. For example, one percent 
represents 1/100 part of the whole. 

Example ; 

A student obtains 75 marks on a test out of a total 
of 100. What was his percent? 

75 x 100 = 75 percent 
100 



ALGEBRA 

Although the water works operator will not be called upon 
too often to use algebra, a little understanding of the subject 
will be helpful. 

Equations 

The most commonly encountered item in algebra is the 
equation, which is simply a statement of equality of two quantities . 



I 
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Examples : 

2+2 - 4 
7-4-3 
a + b = c 
2x - 10 etc. 

As long as the same changes are made to both sides of the 
equation it will remain unchanged. That is, any amount may be added 
to or subtracted from both sides, or both sides may be multiplied 
or divided by the same number, and the equation will remain the same, 

Example : 

If 3a equals 24, what does a equal? 

3a - 24 

Dividing both sides of the equation by 3 

3a - 24 
3 3 

a = 8 

Example ; 

If b - 3, what does b equal? 
5 

5 X b - 3 X 5 
3 

b - 15 

Ratio and Proportion 

A ratio is a comparison. For example, if one car costs 
$6,000 and a second car costs $2,000, we say that the first car is 
3 times as expensive as the second. Expressed mathematically the 
ratio is 3;1 and the value of the ratio is 3o 

A proportion is simply a statement of equality between 
two ratios. In the case of the two cars the proportion is 

6,000 - 3 or 6,000^2,000 = 3:1 
2,000 1 



I 



I 
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In practice, numerous problems are encountered in which 
one ratio is known and we must find an equal ratio of which only one 
of the items is known. 

Example : 

A desk is 6 ft. long and 3 ft. wide, A desk of similar 
shape is required with one side 8 ft. long. What will the width be? 



desk one L - 
1 


6 


- 2 


desk two 8 = 


2 




W 






Therefore W = 


4 





GEOMETRY 

A water works operator is often called upon to figure out 
areas and volumes. The types o£ figures which he is most likely to 
encounter are shown below: 

Areas 



(1) Triangle 





B B 

The area of a triangle: 

A ■ 1. base x height 
2 




1 B X H 
2 
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(2) Rectangle 




The area of a rectangle 

A = L X W 
(3) Square 




The area of a square; 

A » L X W 
but L « W 

Therefore A = L^ 

(A) Circle 




The area of a circle „ 

A - "R^ or "^D^ 



D = diameter 

R = radius = 1/2D 

C = circumference 

~ = 3,14 



Volumes 



(1) Cube 



H 



W 



The volume of a cube : 
V = L X W X H 



= l3 



all three sides equal 

L = W = H 
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The volume of a rectangular solid: 

V - L X W X H 
(3) Cylinder 



H 

i 



The volume of a cylinder: 



V « ""D^ X H 



15 



TABLE I 



BRITISH SYSTEM 



METRIC SYSTEM 



Linear Measure 



Linear Measure 



1 foot 
1 yard 
1 rod 
1 mile 
1 mile 



12 inches 

3 feet 
5 1/2 yards 
1,760 yards 
5,280 feet 



Square Measure 

1 square foot = 144 square inches 
1 square yard = 9 square feet 
1 acre = 160 square rods 
I square mile " 640 acres 
1 acre - 43,560 square feet 

Cubic Measure 

1 cubic foot = 1,728 cubic inches 
1 cubic yard - 27 cubic feet 



Weight 

1 pound 
1 ton 
1 pound 



16 ounces 
2,000 pounds 
7,000 grains 



Liquid Measure 



1 quart 
1 gallon 



2 pints 
4 quarts 



1 centimeter - 10 millimeters 
1 meter » 100 centimeters 
1 kilometer - 1,000 meters 



Square Measure 

1 sq„ centimeter = 100 sq. mm 

1 sq„ meter = 1,000 sq , centimeter 

1 sq. kilometer = 1,000,000 sq 

meter •> 



Cubic Measure 

1 cubic centimeter = 1,000 cu. mm 
1 cubic meter = 1,000 litres 

Metric Weight 

1 gram = 1,000 milligrams 
1 kilogram « 1,000 grams 
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CKLORINE RESIDUALS - TIME & TEMPERATURE EFFECTS -j 

D, E. King, M.Sc. 

Scientist, Chemistry Branch 1 ' 

Division of Laboratories 



Disinfection of the water supply is not the only reason 
for chlcr ination. Aipmonia, sulphide, phenols, iron and proteins 
are just a few of many cheT.ical nuisance factors treatable by 
chlor ination. However, excessive chlor ination can make these 
problems worse. 



CARE Fig CONTROL IS REQUIRED 



When chlorite or hypochlorite is added to water, either i 
a? a solid or in a solution such as "Javex", the resulting dilution 
with water causes these chemicals to break down to form free chlorine J 
gas and/or hypochlorous acid and/or chlorite ion. All these chem- 
icals react as if they were Free Available Chlorine . They will 
react with other iiaterial? in the water tc forir. Combined Available 
Chlorine such as chloramines which, \inder suitable conditina^^. vill 
slowly release chlorine back to the water. In addition, 3cn:'e ; 
chlorine will react to produce chloride ion. (Recall that cominon j 
house salt is sodium chloride). This chloride does not release, 
chlorine back into solution. 

Orthotclidine is the reagent used for measurirg chlorine. .1 
residual. It is prepared as a solution which, is stable for n_oit 
riorc than six months. It should be: ' j 

a"* stored in amber bottles or in the dark 

b) protected at all times from, direct sunlight 

c) kept from contact with rubber (e.g. stoppers, tubing) 
d; stored at room temperature 



PROCEDURE 



For precise directions refer to Standard Met.hods, I2th 
Edit.lo:!, pages 90-91 and 94-100. The following points should be 
noted however ; - 



a) Add sample to reagent (Put reagent in first) 

b) Permanent standards such as Nesslerizer Colour Disks 
may be used with 50 ml. nessler tubes. 

c) More than 0.3 ppm iron, 0.01 ppm manganic, and/or 
0.10 ppm nitrite - N will produce extra colour (i.e. 
interference) . 

d) Make colour comparisons against a standard artificial 
1 ight . 

e) Avoid direct sunlight at all times during analysis to 
prevent fading of the developed colour. 

f) Both time and temperature affect the results. 



EFFECT OF TIME AND TEMPERATURE 

Most chemical reactions are not instantaneous; they 
require time to go to completion. In the Chlorine Residual 
test we make use of this fact in the following way. 

Free Available Chlorine reacts almost instantly with 
orthotolidine to form a yellow coloured solution. After five 
minutes, however, this colour will start to fade due to the slow 
bleaching effect of sunlight. 

Combined Available Chlorine, on the other hand, reacts 
more slowly, and at room temperature (20OC) the maximum amount of 
colour will have formed in about three minutes. Of course, this 
colour will start to fade also, after about five minutes. 

In order to determine Total Available Chlorine we must 
allow time for the Combined Available Chlorine to react with the 
orthotolidine. The following table gives approximate times 
required for colour development at various temperatures. 

Combined chlorine reacts in 2.5 minutes at 25°C 

3. minutes at 20oC 
6. minutes at QOC 

Free chlorine reacts instantly. 

Normally, analysis is carried out at 20°C. Cold samples must 
be warmed to this temperature before analysis for Total Available 
Chlorine. 
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On occasion it will be necessary to have an estimate 
of the Free Available Chlorine content of the water. In this 
case we do not want the Combined Chlorine to be included. If 
the sample is cooled in an ice bath to 0°C, we can see from the 
above table that the combined chlorine will react to produce a 
colour, but not as quickly. Then a reading of the colour 
developed by the sample IMMEDIATELY after adding the sample to the 
orthotolidine reagent will give a good estimate of Free Avail- 
able Chlorine. 

Other methods of analysis for Available Chlorine are 
given in Standard Methods. While these may give better results 
when performed properly, they are not recommended for use in the 
plants, unless special training in the correct techniques has 
been given to the individual operator. The above orthotolidine 
method is quite suitable and will give acceptable results if the 
precautions mentioned above are observed. 
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TASTE AND ODOUR CONTROL 
A„ Oda, P^Er-go 
Division of Research, OWRC 



The average ccnsumer tends to associate bad tastes 
ar.d un'Jisual odours in public: water s'^plies with poor quality 
v/ater even though it may be sparkling clear and safe to drink „ 
If the water has any adverse tastes, he will likely reject it 
and attempt to seek a more palatable water from another source 
even though the latter may not be considered desirable for human 
consumption o 

Taste and odour control is a very important consider- 
ation in the purification cf municipal water supplies especially 
if the waterworks operator desires to produce good quality water 
which will be acceptable to his consumers » This lecture shows 
how taste and odour problems develop and outlines briefly 
sorr.e of the methods of control that are being used in the 
production of a palatable water. 



Tastes 



There are only four true tastes sensations - sweet, 
sour, bitter and salty„ All other apparent sensations which 
are commonly referred to as tastes are actually odours even 
though the sensation may not be experienced imtil the substance 
has actually been taken into the mouth „ 



Odours 

It is almost impossible to determine and classify 
the different types of odours that can be experienced„ Table 1 
on the following page gives a qualitive description of some 
of the more common odours that are prevalent in water supplies. 
It can be used as a guide to classify the type and determine 
the source of odour. 



M - 2 



Table 1 
GUIDE FOR QUALITATIVE DESCRIPTIONS OF ODOURS 

Code Nature of Odour Description (Such as Odours of:) 



Aromatic (spicy; 
Ac cucumber 

Balsamic (flowery) 



Bg 


geranium 


Bn 


nasturtium 


Bs 


sweetish 


3v 


violet 




Chemical 


Cc 


chlorinous 


Ch 


hydrocarbon 


Cm 


medicinal 


Cs 


sulfuretted 




Disagreeable 


Df 


fishy 


Dp 


pigpen 


Ds 


septic 




Earthy 


Ep 


peaty 



camphor J cloves, lavender ^ lemon 
Synura 

geraniom^, violet, vanilla 
Asterionella 
Aphanizomenon 
Coelcsphaer itun 
Mallomonas 

industrial wastes or treatment 

chemicals 

free chlorine 
oil refinery wastes 
phenol and iodoform 
hydrogen sulfide 

(pronounced, unpleasant) 
Urcglenopsis, Dinobryon 
Anabaena 
stale sewage 

dcunp earth 
peat 



M 



Mm 



Grassy 

Musty 
moldy 

Vegetable 



crush ea grass 

decoxpDsing straw 
damp cellar 

root vegetables 



Standard Method, Eleventh Edition, P„ 255 „ 



•^ 
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CAUSES OF TASTE AND ODOUR PROBLEMS 

Taste and odour problems in water supplies are caused 
by the presence of certain substances which adversely affect 
and impair the palatability of drinking water„ These can be 
classified into two general categories; natural causes and 
ir.in-made causes „ The natural causes of taste and odour problems 
are related to aigae, deccinposed organic :natter and vegetation, 
mineral substances and hydrogen sulphide „ Man-niade causes are 
related to the odour— producing substjinces placed in the water 
as a result of pollution or other human activity. These 
include industrial wastes and sewage „ 



Algae 

Algae are considered to be the most important source 
and the most frequent cause of objectionable tastes and odours 
in water o Any water supply derived from a reservoir, stream, 
river, lake or any other surface supply, is likely to encounter 
taste and odour problems associated with algae at one time or 
another „ 

Algae are simple forms of plants or plant-like 
organisms found in any surface water or any body of water 
exposed to sunlight. Many of them are microscopic in size„ 
There are thousands of varieties of algae and many of these 
are responsible for taste and odour problems; » Some species 
of algae such as Synura and Dincbryon, if present, in 
relatively low- numbers ^ may cause serious odour problems while 
there are many others that give rise to tastes and odours 
varying m type and intensity according to local conditions 
and populations. Descriptions for some typical odours produced 
by algae can be found in Table 1„ 

Odour problems are said to be caused by oils and 
5.ufcjitances released by the algae during their life process 
and after death. When the algae die, their cells decay and 
break down to form minute q'aantities of soluble odour- 
producing materials in water,, Many of these problems are 
experienced in the water supplies on a seasonal basis. They 
nay occur during the ,late spring, early or late summer months 
when heavy algae blooms take place„ In some instances, they 
m-^y -=cur d'-irmg the late fall or in winter when the algae 
begin to dic„ 



^-a. 
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Decaying Vegetation 

Decaying -v'egetation is the second inost important 
iuse of tastes and odours in water supplies. This consists 
of any dead vegetable matter derived from living plants. It 
includes algae, grass, leaves, stems and any other vegetable 
matter which may be decomposed by various micro-organisms,. 
During the decomposition process, many of these materials are 
broken down by the organisms and converted into soluble 
sot.stances which impart unpleasant tastes and odours to the 
water o 

One of the most well-knc/m of these organisms are 
Act inomycetes „ They are usually found in rotting plants, 
trees and compost piles o They produce a substance with a 
very strong^ pungent earthy smell „ When present in water at 
very low concentration, this material has a significant effect 
on its odour quality. 



Ai: y.iatic Weeds 

Certain types of aquatic plants may have a significant 
effect on the tastes and odours of the water. In areas where 
they grow m abundance, the water develop? a distinct flavour 
or odour that is characteristic of the plant. 



Chemical Qaality 

The presence of certain dissolved minSrals and 
gases in the water may have a considerable influence on its 
palatability„ Dissolved mineral salts, depending on 
concentration and type, will affect its taste. Others such 
as iron and sulphur compounds give rise to the growths of 
nuisance organisms that may causa taste and odour problems 
in water supplies. 

Water supplies derived from wells have dissolved 
gases which affect the tastes and odour qualityo This includes 
car:tJon dioxide, hydrogen sulphide and methane gas„ The most 
troublesome of these is hydrogen sulphide because of its 
ability to impart objectionable odours to the water if present 
in q-.-.antities less than one ppm. Waters with carbon dioxide 
usually have stale tastes , Sirr.ilarly, waters with methane 
and ether natural gases give off characteristic odours „ 
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I r-G^strial Wastes 

Taste and odour problems may be expected in water 
a-pplies drawn from lakes and streams receiving wastes discharges 
from certain types of industries „ Among the industrial wastes 
that can produce troublesome problems in water supplies include 
those from organic chemical plants, oil refineries, food 
processing and beverage plants, paper mills, tanneries, meat 
packing hoiises, by-product coke plants and plastic manufacturing 
plants o 

Many of these wastes contain substances such as 
phenols and pyridine which cause undesirable tastes in potable 
waters at very low concentrations. Others may contain substances 
which decompose and produce highly malodourous substances which 
impart septic or foul odours „ Some wastes may even have 
cxsmpounds which react with chlorine to form obnoxious odour- 
producing substances such as chlorophenols and other chlorinated 
rrganicSo Still, others containing large amounts of salts and 
bitter-tasting substances may seriously affect the true taste 
of the water a 



Sewage 

Domestic sewage contains certain types of substances 
that may seriously affect the palatability of water if 
contaminated „ One notable example of these is the synthetic 
detergent. The latter has gained a wide acceptance by the 
consumers in recent years o Many of the synthetic detergents 
are formulated from complex organic compounds which, if 
chlorinated, may produce strong odour-causing substances o 
"thers are capable of producing soapy taster. 



N uisance Organisms 

There are a number of different micro-organisms 
th5t may flourish in the distribution system under suitable 
conditions of water quality. If unchecked, they may develop 
serious taste and odour problems „ They are referred to as 
niiis^nce organisms and they includes: 

(a) iron bacteria 

[b*! sulphur bacteria 

(c) sulphate-reducing bacteria 

(d) slime growths „ 



n 



Iron bacteria are usually found in v^ater with slime 
dc-pcsits on the walls of water pipes and tanks and cause 
•insightly discolor at ions in the water « Eventually the slime 
growths decompose and form substances which can lead to 
undesirable taste and odour conditions in the distribution 
system „ 

Sulphur bacteria are capable of decomposing proteins 
or sulphur -containing sursturces ana converting them into 
either elpiir.ental sulphur or sj.lphateSo Onder anaerobic 
oonditions sulphate-reducing bacteria can reduce sulphates 
7!.nto hydrogen sulphide » 

Slima growths appear on the walj.s of open channels^ 
settling basins, filter beds, reservoirs and in many parts 
of the distribution system^ They are unsightly in appearance^ 
Upon decomposition, they may pr'O-duce substances that adversely 
affect the taste and odour quality of water „ 



Water Treatment Practice 

There are at least two areas in the waterworks, if 
cvarlookedj may lea^^i to serious taste and odour problems in 
the water supply o One of these involves the settling basin 
wl-.ere all of the impurities from the water are remo^'-ed during 
the water purification process and collected as a sludge^ 
If the sludge is allowed to accimulate and remain for any 
length of time, it will decompose arid form odorous substances 
that may seriously affect the pal stability of water,, 

The second area that may arouse some consumer 
ccimplaints is relat'»«3 to the iir.proper use of chemicals in 
tne tr4''at.T.ent process, notably chlorine and others er^.ployed 
in ta£=t«=> and odo'ir ccntroJ „ Thexe is no dr^':s^t that natural 
Gcours in the water may b«» intensified or changed in character 
by chlorination. Chlorine, if applied in excess, is not desir- 
able as it will produce highly ob-jectionable tastes in the 
water. Tne presence of unreacted chemicals in the drinking 
water resulting from improper application may also affect the 
tastes and odours c For example, "inreacted sodium chlorite 
derived from the chlorine dioxide treatment „ 
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CCNTROL METHODS 

There are two general methods employed in solving 
taste and odour problems in municipal water supplies - 
preventive treatment and corrective treatments Preventive 
treatment involves the various measures that are taken to 
remove the source of these problems and to control the 
conditions so that these problems do not develop „ It 
consists of action taken to control growths of algae, 
aquatic plants and nuisance organisms in the water supply. 
Corrective treatment involves the action that; must be taken 
to correct these problems after they have developed in the 
water supply. It is usually applied in conjunction with the 
treatment process for the specific purpose of lessening the 
taste and odour conditions in the water „ 



Preventive Treatment 

(a) Control of Aquatic Plants in Impounded Areas 

and Reservoirs 
(i) Periodic cleaning 
(ii) Use of chemicals 

(b) Control of Algae Growths in Open Bodies of Water 

(i) Elimination of Sunlight by covering or 
use of carbon "blackout" 
(ii) Application of chemicals such as copper 
sulphate and algicides 

(c) Control of Nuisance Organisms in Distribution 

Systems 
(i) Proper disinfection practices 
(ii) Periodic flushing out of watermains 

(d) Good Housekeeping Practices 

(e) Proper Control of Chemical Applications 

Corrective Treatment 



Corrective treatment consists of removing the taste- 
and odour -causing substances in the water or changing their 
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cheoiical characteristics so that they will no longer react 
with chlorine to produce offensive odours. It may involve 
physical and/or chemical methods. 

Physical methods are designed to remove these 
aiibstances physically frocn the water and may involve one of 

the following J 

(a) coagulation and filtration 

(b) \t>latilizatiori 

(c) adsorption 

Chemical methods involve the use of chemicals to 
cxidize cr decompose substances cr to change its character 
in such a way that it will not caiise any taste and odoxir 
problems in water. Each of these treatment methods will be 
discussed briefly „ 



Coag-glation and Filt r ation 

Coagulation and filtration ax^e part of the water 
treatment pjocesSo Chemical coagulation itself has very 
little effect en the removal of tastes and odours unless 
th<»/ are associated with colour and turbidity. Filtration 
is effective in removing any floating cr suspended particles 
that may contributB to the taste and odour problems. However, 
if these conditions are severe or caused by soluble materials, 
these methods have very limited effect on taste and odour 
csntrcl. Additional methods of treatment must be provided,, 



Volatil ization by Aerati on 

Volatilizaticn consists of removing volatile substance; 
such as dissolved gases from water by maans of aeratI.on„ 

The purpose of aeration is to bring water into 
intimate contact with air by the use of aerators, sprayers^ 
trickling devices and ether aeration eq-ui.pment , Upon 
exposure to air^ (Odorous substances such as hydrogen sulphide 
and dissolved gases are removed from the water and volatilized 
into the atmosphere. 
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Aeration was one of earlier methods of treatment used 
for odours in municipal water supplies. It was found to be 
very effective in waters containing easily oxidizable or 
volatile gases such as carbon dioxide and hydrogen sulphidf. 
However, its usefulness for the ccr.plete removal of tastes 
and odours in water supplies is limited because mosL of the 
dissolved substances cannot be oxidized nor removed by aeration 
alone „ 



ADSORPTION WITH ACTIVATED CARBON 

The use of activated carbon is the most widely 
known method employed in controlling tastes and odours in 
water treatment. It has the ability to remove all types of 
organic substances and gases that may be present in water « 
The surface of the carbon particle possesses an attractive 
force that enables it to draw and hold on to the molecules 
of other substances that come into contact with it. This 
ability of the activated carbon to attract and hold other 
substances is known as "adsorption" » 

All of the tastes and odours in water can be removed 
completely if enough carbon is added in the proper place. 
For the purification of potable water supplies, activated 
carbon in the powdered form is considered to be the most 
economical and most efficient method of treatment. Powdered 
carbon can be used only in water treatment plants that are 
equipped with filters which can take it out from the water 
before distribution to the cons\iir.er„ 

The efficiency of taste and odour removal utilizing 
powdered activated carbon is dependent on the following 
conditions s 

(a) good mixing facilities 

(b) adequate dosage 

(c) point of application 

(d) time of contact 

All of these points will be dealt with in a later lecture » 
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Granular Activated Carbon Filters 

The use of granular activated carbon filters has 
become increasingly popular withm recent years for purification 
of municipal water supplies „ This method of treatment has been 
found to be very effective and reliable in removing a wide 
range of organic contaminants 5'::ch a^ detergents, insecticides, 
mdustraal pollutants and any taste- and odour- causing 
substances „ It has been used extensively m Europe^ parcicularly 
in Germany for r^any year=i lor the removal cf odorous organic 
contaminants and also a^ a method of dechlorinat.on„ However, 
in Canada and United States, granol^r activated carbon filters 
have not been utilized in the treatment of municipal water 
s -pplies because it was found that this could be done more 
economically with powdered carbono 

At the present ti.rsj granular carbon filters are 
used iiicst in bottling plants and food industries where the 
consistency in taste and odour q-iality of water is very 
important. However, with the development of new technology, 
these filters will likely oe adopted for the purification 
cf municipal water supplies^ Recent studies have shown that 
if the spent granular carbon can be reactivated and used over 
and over again, this method of treatment would be economically 
feasible for large waterworks „ 



Chemical Treatment 

For the control and removal of unpleasant tastes 
and odours in municipal water supplies, ox;idizing chemicals 
or oxidants are usu^illy employed. With proper usage, they 
react and destroy the odour -causing buhstances in water and 
convert them into non-odorous compounds „ Any one of the 
following chemical? may be used for thir- purpose: (a) chlorine, 
(b) chlorine dioxide, (c* potassium permanganate and (d) ozone „ 



C h 1 o r :: n a t j. c^V 

Chlorine is a relati-s-eiy effective method for taste 
and odOvzr control provided that it is properly applied^ Of 
all of the oxidizing chemicals utilized in water treatment, 
it is best known and most widely nh^-d for this purpose because 
of the following reasons; 
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(a) it destroys and controls the growths of algae 
and nuisance organisms in the water supply, 

(b) it destroys odour-causing organic substances, 

(c) it destroys hydrogen sulphide in water very 
effectively, 

(d) it prevents septic conditions from developing 
in the distribution system. 



Advantages 

(a) Chlorine is readily available at most waterworks 
plants and therefore the purchase of special feed equipment 
is not necessary. 

tb) Chlorine is relatively inexpensive in comparison 
to other chemicals. 

(c) Increased dosage of chlorine for taste and 
odour control provides better disinfection of water, 

(d) Chemical dosage of chlorine can be very easily 
controlled and maintained on a continuous basis. 



Disadvantages 

(a) Proper control must be maintained at all times 
as excess chlorine in water may cause objectionable tastes, 

(b) Chlorine may actually intensify odours emitted 
by certain organic compounds, e, g, phenols and phenolics. 



Free Residual or Break -point Chlorination 

Chlorine is a powerful oxidizing chemical. It 
will react with many substances that are dissolved or suspended 
in the water. Unfortunately, in reactions with some substances 
such as phenols, it produces chlorine compounds that are 



M - 12 



highly odorous „ If higher dosages are addedj^ chlorine will 
destroy many of t'n&se derivatives including those from reactions 
vith ammcnia and other nitrcgsn cc-npoundSo For exaroplef vith 
sufficient dosage, chlorine will completely oxidize hydrogen 
sulphide so that it is no longer obnoxious « 

When chlorine reacts wit J: any substance present in 
water ^ it loses its oxidizxng pow.-r and hence it is no longer 
available as a disinfecting agent, H(r>wever, if enough chlorine 
is applied to react with all of the 3Ubs?tances in the water 
and completely oxidize anur.cnia and other organic cor:\pound3j 
the chlorine demand is said to be satisfiedo Any addxtlonal 
chlorine applied to the v/ater will show as free available 
chlorine residual o 

Free residual or breakpoint chlorination is a 
technique which involves tha application of chlorine to water 
to satisfy the chlorine detnand in ord^r to obtain free available 
chlorine in the water „ It can be used very effectivejy for 
taste and odour control „ 



A dvantciges 

(a) It is a simple irjethod of treatment which can 
tie implemented in most waterworks without installation of any 
elaborate chemical feeders ^ 

(b) It IS a more effective method of dismfectiono 

(c) Free available chlorine residual is more 
persistent and will remain in the distribJJition syste':^ over a 
longer period of time., 

(d) With proper application, some or the taste- 
and odour -causing substan-es in the water can be removed or 
destroyedo 



Disadvantages 

(a) Proper control must be maintained at all timea 
to a^'-oid chlorincus tastes associated with excess dcsageso 
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-(!} Chlorine deniand may fluctxiate frora tip.e to 
tizitr due' to changes in the raw water quial.ity, 

[c] This method i? not always effective in comJoatting 
prcblerns caused by certain organic coinpounds, e„go phenols o 

S'-perchlorination and dechlorination 

Sr,perchlorination is another variation of free 
residual chlorination„ It involvtss the application of chlorine 
in excess without any regar<l to the amount of chlorine residual 
prcduced in water » After treatment ^ the water contains a 
v-ery high level of chlorine residual which may impart undesirable 
tastes„ Therefore, it is necessary to dechlorinate or reduce 
the excess chlorine by the application of one of several 
dechlorinating agents „ These include ammonia, sodium sulphite, 
sodium thiosulphate and sulphur dioxide „ Sulphur dioxide is 
considered to be the least expensive chemical for this purpose » 
Granu5.ar activated carbon filter is also used for reiroving 
excess chlorine » 

Super-nhlorination is utilized for taste and odour 
control at waterworks where the raw water quality is subjected 

tt^ fluctuations. 



Adv antages 

i-i) It ensures propf>r treatment in water supplies 
with widely fluctuating raw water quality „ 

(b) It is effective ir plants with short detent! orx 
periods o 

(c) High chlorine dosages will enable complete | 
dastru'Jticn of micro -organisms and odouring causing substances. 



^-. 3adv; intage b 

(a) Additional eq^iipm^nt is required to apply 
dechior i nating agent „ 

(b) Large a:^ounts of chemicals are cons'Uired in the 
tr-atinp,nt „ 
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AiHT^ioni a -Chlorine Treatment (Chloranination) 

Chloraminatior. (chlorarcine) treatment is another 
method for lessening any taste and odour problems developed 
by chlorinationo The chlorine, when added, reacts with the 
applied or natural anmonia in the water to form chlor amines » 

Asninonia helps to retard the oxidizing power of 
chlorine and prevents the formulation of odoriferoas chlorinated 
organic compounds „ Because of this, objectionable tastes and 
odo'-irs are not likely to develop as rapidly in waters subjected 
to chloraniine treatment „ 

Chlorarp.ines have been particularly effective in 
minimizing the development of severe tastes in waters containing 
phenols „ They can also insure the maintenance of a chlorine 
residual over a longer period of time in the distribution 
system„ 

For taste and odour control, the ammonia is added 
to the water first and mixed thoroughly before the application 
of chlorine^ This prevents the chlorine from combining with 
organic substances to form any odour -producing compounds „ 
In practice, the chemicals are iisually applied in the weight 
ratio of five parts of chlorine to each part of ammonia o 

Advantages 

(a) It suppresses the development cf chiorophenolic 

tastes. 

(b) Higher chlorine residuals can be applied without 
any adverse effects „ 

(c) Chlorine residiiala can be sustained in the 
distribution system for a longer period^ 



Disadvantages 

(a) It is the least effective method of chlorir.ation 
for eliminating taste and odour problems^ 

(b) Excess amiTiOnia may encourage growths of organisms 
in the system „ 
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Chlorine Dioxide 

Chlorine Dioxide is a powerful oxidizing agent having 
2*j times greater oxidizing capacity than chlorine. It has 
been used very successfully in controlling taste and odour 
problems in water supplies contaminated with phenolic and 
other industrial pollutants. 

Chlorine dioxide is a very unstable yellowish red 
gas which must be produced as it is needed. It cannot be 
shipped or stored in bulk » It is generated at the waterworks 
by one of the following reactions: 

(a) sodium chlorite and chlorine, 

(b) sodium chlorite and acidified calcium or 
sodium hypochlorite. 

Theoretically, one part of chlorine reacts with 2,1 
parts of sodium chlorite (80% NaClOj) but in practice, the 
feed ratio of chlorine to sodium chlorite is maintained at 
not less than 1:2 and more preferably 1:1. 



Advantages 

(a) It is most effective against taste and odOTir 
problems due to chlorophenols, 

Cb) It has some disinfecting value. 

Disadvantages 

(a) Sodium chlorite is relatively expensive, 

(b) Careful control required in maintaining proper 
ratio of chlorine to sodium chlorite, 

(c) With the exception to chlorophenlic tastes, 
there are some doubts about its effectiveness .against other 
types of taste and odour problems. 
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Oz onization 

Ozonization (ozonation) is another method of water 
purification that has been used extensively in Europe and in 
the British Isles for disinfection of water supplies and in 
sor.e parts of the United States for taste and odour control. 

Ozone is a faint bluish gas with a pungent odour. 
It is produced in a special electrical apparatus known as an 
ozonator by discharging a high voltage electrical current 
thorough dry air. During t?'e process, soinne jJart of the 
atT.ospheric oxygen (Oj) is converted into ozone {O3) . 

Chemically, ozone is one 01 the most powerful 
oxidizing agents. It is unstable and is ready to combine 
vigorously with any oxidizabie substance either in the air 
.-•r water. 



Advantages 

(a) It has a very rapid sterilizing effect on 

water „ 

(b) In some cases, it can im.prove the colour of 
the water while removing its tastes and odours, 

(c) There is no danger of overtreatment . 

(d) By-products resulting from ozone treatment are 
not knoviTi to cause taste and odour problems, 

Disadvantages 

(a) Cost of equipment for producing ozone is very 
expensive, 

fb) Only limited data are available and they have 
indicated that ozone is not entirely sati.sf actory„ 
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Potassium Permanganate 

Potass iim permanganate has been introduced recently 
for the taste and odour control of municipal water supplies,. 
It IS a dark greyish crystalline powder which dissolves in 
water producing a dark purple solution. It is a strong 
oxidizing agent that will oxidize and break down troublesome 
organic subs ances into harmlesB compounds that will not 
produce any tas'ie- and odour-causing by-products when subjected 
to chlorination. 

Two basic requirements in a waterworks must be met 
before the use of potassium permanganate can be considered. 

(a) good filtration system, 

(b) adequate detention time prior to f iltra;-.ion. 

Upon reaction with oxidizable materials, che 
potassium permanganate is reduced and forms an insoluble 
brown precipitate. If left in the water, the latter will cause 
unsightly discoloration and therefore must be removed by 
means of filtration^ 



Advantages 

(a) It is a chemical that can be stored and handled 
with relative ease. 

(b) Only very low dosages of chemical are required 
in most instances „ 

(c) Its precipitate acts as a coagulant aid and 
improves coagulation^ 

fd) It has some disinfecting powers. 

(e) It removes iron and manganese compounds ;;.hat 
affect the tastes of water. 



Pis ad van t ages 

(a) For best results, the plant must have good 
coagulation and filtration facilities. 
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(b) proper control must be maintained to avoid 
penetration of filters by unreacued chemical, 

(c) improper use may lead to unsightly dxscolora-ion 
cf the treated water „ 



SUMMARY 

Taste and odour control in water purification is a 
very important factor because the wai:erv.T>rk operator must 
deliver Lo his consumers vater of good pala^ability and 
consistency in cas :e „ 

Not all of these methods can be made applicable co 
all taste and odour problems and nc one method wiii be sui;:ed 
to all waterworks. Each operator must study his own problem, 
consider the equipment and facilities he has available and 
then decide on the treatment which would provide the best 
results. 



Review Questions 

1, List possible causes of taste and odour problems 
in water supplies „ 

2„ If the water m your waterv^'C-rks was affected by 
these problems, what method of treatment would you consider? 

3„ Is chlormation considered to be a good method 
for controlling taste and odour conditions in water supplies'? 
Give your reasons. 
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GROUND WATER SUPPLIES 

R. C. Hore, Supervisor 

River Basin Research and 
Water and Well. Mc'uiagement Branches 



■■ NTROJUCT lON 

Water can be considered as one of the most important 
natural resources of this province. In this discussion, we will 
deal mainly with that water which occurs in the saturated por- 
tions of the overburden and the rock. This water is called 
ground water. Because we cannot see ground water under normal 
conditions, we often assume that it is present in limited 
quantities and as such is not a satisfactory water supply; 
however, ground water is an important source of supply through- 
out the wor]d and Its use for home, farm, municipal, industrial, 
and irrigational supplies continues to increase. £t is estimated 
that at the present time, over 30 percent of the total water 
used in Ontario is ground water. 



SOURCE AND MOVEMENT 

Ground water is part of the hydrologic cycle. This 
cycle has been called the circulatory system of the earth. 
Moisture-laden air moving over the land masses from the oceans 
drops about 30 inches of precipitation in the form of rain and 
snow on North America every year. Of this amount, 60 to 80 
percent is returned to the atmosphere by direct evaporation as 
it falls, by evaporation from the land surface, by evaporation 
from bodies of surface water, by evaporation from vegetation, 
and by transpiration from, the plants which draw water up from 
the soil through their roots. Of the remaining portion, 10 to 
20 percent reaches surface-water bodies directly as surface 
runoff. Some of the remainder infiltrates into the ground to 
form the soil moisture which is available to vegetation and a 
very small amount, probably about 10 to 20 percent, moves down- 
ward to become ground water in the saturated zone . 
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Water in the saturated zone moves under the influence 
of gravity at rates of from about five feet per day to about 
five feet per year, until it reappers at surface as a spring or 
discharge into a stream, lake, or ocean. This fact is readily 
recognized when we observe rivers and streams continuing to flow 
after long periods of no rainfall The rivers are being fed 
by ground water which drains slowly into the river channels 
throughout the drainage system. Only during the more intense 
or long rainfall periods do appreciable quantities of precipi- 
tation run off directly to streams without passing through the 
ground. It is very important to keep in mind that ground water 
and surface water are not separate and distinct but closely 
interrelated . 



STORAGE 

It can be seen that as part of the hydrologic cycle, 
ground water is a renewable natural resource and the amount that 
finally flows out on surface or is extracted by means of wells 
is usually replaced every year. If we assume that about 20 
percent of the precipitation that reaches the earth's surface 
infiltrates into the ground, this would mean that for every 
square mile of land surface .25 million gallons of water per 
day would infiltrate This figure, however, is controlled by 
such factors as topography, soil type, vegetal cover, and 
geological conditions . Where sand and gravel deposits are 
present at surface or where bedrock formations with their 
weathered surfaces outcrop, a maximum amount of infiltration 
will take place. On the other hand, surface deposits of clay 
or clay-till will contribute to a greater amount of surface 
runoff . 

As mentioned earlier, ground water is stored in the 
pore spaces between the sand and clay particles and in the 
crevices and solution channels of the rock formations . Poorly 
sorted sand, gravel, silt, and clay materials, such as occur 
in glacial till, where large and small particles of soil are 
mixed together, have a smaller proportion of pore space in 
which water can be stored than in well-sorted materials where 
all the grain sizes are equal. 

A general range in porosity of natural sediments and 
sedimentary rocks is given in Table 1, 
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Table 1 





Materials 


Porosity 
Percent 


Sandstone 


4-30 


Sand, clean and uniform 


30-40+ 


Gravel, clean and uniform 


30-40+ 


Sand and gravel mixed 


15-25 


Silt and clay 

As deposited 

Compacted and dewatered 

Shale 


40-90 

20-40 

1-35 



Limestone 1-50 



A formation may contain many pore spaces which contain 
a great deal of water but if the pores are small or are not 
connected so water can flow freely from one pore to another, the 
formation may yield only a small amount of water. This introduces 
the second very important factor used in determining how a for- 
mation will act as a source of water. It is called permeability 
or the ability of a formation to transmit water. A formation 
such as sand and gravel or creviced limestone which has many 
pore spaces which are sufficiently large and interconnected to 
allow ground water to move freely through them is called an 
aquifer . 

Most of us know very little of the amount of water 
stored in theise aquifersor ground-water reservoirs. The Ontario 
Water Resources Conmiission and government agencies in several 
other provinces, notably Alberta and Saskatchewan, are stepping 
up their collection of basic data and making an inventory of 
ground -water conditions by means of geologic and hydro logic 
surveys. Some idea of the amount of water in storage may be 
obtained from a statement contained in the U.S. Department of 

Agriculture Year Book in 1955, "The ground-water reservoirs 

of the United States contain far more fresh water than the 
capacity of all the nation's reservoirs and lakes, including 
the Great Lakes . It has been estimated that the total usable 
ground water in storage is of the order of 10 years ' annual 
precipitation or 30 years' runoff." 
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WATF.R-BEARI NC PROPERTIES OF ROCK FORMATIONS 

The Precambrian granites and other intrusive, sedi- 
mentary, and volcanic rocks underlie 60 percent of f^he area of 
the province, chiefly in northern Ontario. As a rule, these 
formations are classified as poor aquifers. Wells may obtain 
sufficient water for average domestic needs from joints, cracks, 
or fracture planes near the surface of these rocks but high- 
capacity wells are confined almost entirely to the sand and 
gravel deposits in the overburden above them. 

The limestones and dolomites of southern Ontario vary 
widely in their water-yielding properties „ Tl^iey often make 
better aquifers in the southwestern parts of the province than 
they do in south-central or eastern Oritzario . The quality of 
the water is generally very hard and Is often highly mineralized 
with sulphur compounds, particularly in the areas closest to 
lakes Erie and Ontario and the St. Lawrence River, 

The shale formations yield only small quantities of 
water but the water is much softer than that from the limestone 
rocks. Salty water is frequently encountered at shallow pene- 
trations of the shale formations. 

A wide variety of overburden conditions is present 
in Ontario. Although much of the area Is covered on the surface 
of the ground with clay or till materials, numerous deposits 
of sand and gravel are present to provide in most places suit- 
able aquifers for average domestic needs. Areas where there 
are high-capacity wells for municipal, industrial, or Irrigational 
purposes are necessarily more restricted. 



Extraction of Ground Water 

Aside from the utilization of naturally occurring 
springs, ground water is recovered by means of dug, bored, 
driven, and drilled wells. Although there are more dug wells 
in use today than any other type, the number of drilled, driven, 
and bored wells is increasing as a result of improved methods 
of well construction and the need for deeper wells which pro- 
vide a more dependable supply of water. The dug, bored, and 
driven types of wells are normally the least satisfactory be- 
cause they are usually the shallowest and are most easily 
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affected by variations in ground-water levels . These types of 
wells work best in areas where there is sand and gravel in the 
overburden. Under these conditions, the porosity and permea- 
bility of the aquifers are such that water is able to move into 
the well quickly to replace that which is withdrawn. Dug, 
bored, and driven wells in areas of tight, clayey overburden are 
often without water because the transmissibility of the clay is 
so low that water will not flow into the well readily; however, 
a few sandy seams in the clay will often keep the well supplied. 

Often more reliable sources of water supply are 
available from drilled wells . Drilled wells usually extend 
deeper than dug wells into what are known as artesian aquifers. 
By this we mean that the water is coming from horizons either 
in the overburden or the bedrock that are confined by impervious 
strata or aquicludes. The water in a well drilled into an 
artesian aquifer rises up above the level where it was first 
encountered, because of the pressure behind it. If the pressure 
head is great enough, the well will flow. The flowing well is 
not an indication that the well is good but that the well head 
is lower than the pressure head of the water in the aquifer at 
that point. 

Drilled wells ending in sand and gravel are sometimes 
developed with an artificial gravel pack to reduce the velocity 
of water flow into the well. This helps to keep the water 
free from sand and silt and the screen free from materials pre- 
cipitating out of solution. Other wells drilled into sand and 
gravel are developed naturally with no gravel pack . The rock 
well requires no screen and, therefore, usually requires less 
maintenance and rehabilitation. 

When water is pumped out of a well, the lowering of 
water pressure at the well site causes water in the aquifer to 
flow towards it . It is only natural that there will be a 
lowering of the water level or water pressure in the vicinity 
of any pumped well. This lowering forms a cone of depression 
which varies in size according to the rate at which the well 
is piraiped and the permeability of the aquifer. In a water-table 
aquifer, that is one that is not confined, pumping will actually 
cause a dewatering of the aquifer itself and the cone of depression 
will spread very slowly. In an artesian or confined aquifer, 
which is the type into which many, if not most, of our municipal 



N 



drilled wells are constructed, the cone of depression is an 
imaginary pressure surface that spreads out rapidly. In the 
confined or artesian aquifer the effect of pumping can be 
observed several hundred or thousand feet away in a few minutes. 



Pumping Test 

When a well is constructed, a pumping test should be 
run to determine the permeability and storage coefficients of 
the aquifer. These coefficients indicate how fast the aquifer 
allows the water to move through it and how much of the water 
stored in the pores and crevices of the saturated fotroation 
is available for use. On the basis of the information obtained 
from a pumping test, it should be possible to give a fairly 
accurate rating to the capacity of the v/ello In such tests, 
many readings should be taken of water levels in the pumped 
well and preferably one or more gauge holes, particularly 
during the early part of the pumping test. 

After a well has been put into use, the following 
observations should be made as regularly as possible: 

1) Daily quantity pumped 

2) Daily pumping level 

3) Daily discharge pressure 

4) Weekly static level 

Unless these data have been recorded in a careful 
and orderly manner, it is very difficult to assess the cause 
of well failures and production decreases, 

Lf production from a well drops off but the static 
level remains about the same, the trouble could be due to a 
faulty pump or plugging of the well. In case of pump trouble, 
an experienced pump mechanic should be consulted . If it appears 
that the well is being gradually plugged with iron or lime 
scale or with silt and sand particles, some form of chemical 
or mechanical treatment will be required to rehabilitate the 
well. Well problems and well maintenance are the subjects of a 
lecture in a later course and we will not take time to discuss 
them further here. 
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GROUND-WATER RECHARGE 

If we consider that about 12 inches of water is avail- 
able annually from precipitation for use in our streams and 
ground water and if we assume at least one half of this amount 
infiltrates into the ground to an aquifer, we have a better 
understanding of where the recharge comes from that replaces 
the water removed by pumping. An interesting fact is that the 
average annual recharge period extends from November to May. 
Most of the rain that falls during the summer and fall months 
never reaches the zone of saturation because it is used up 
mostly as soil moisture. 

If the static level, or the level to which the water 
rises when the well is not being pumped, is gradually lowering 
in a well, it indicates that more water is being removed from 
the aquifer than is entering by natural recharge. The lowering 
of ground-water levels in the vicinity of pimiped wells Ls not 
necessarily something to be alarmed about provided that at some 
time, the ever widening cone of depression finally includes 
sufficient recharge to balance the withdrawals . This may take 
place if the cone extends to intersect a body of surface water. 

Just as in a surface reservoir or lake, it is perfectly 
feasible to draw on stored water during periods of drought with 
a consequent lowering of the water level, a similar withdrawal 
from storage from an aquifer would lower the level of the water 
table. The falling water tables we hear about are not un- 
expected during periods of lew recharge; however, during wet 
years the storage tends to be replenished. 

Water levels that continue to lower and do not show 
the effect of recharge indicate the mining of ground water. The 
continuation of such an over-draft will either lower the water 
level to the limit of economic lift or will exhaust the stored 
water. 

It should be pointed out here that many aquifers can 
be recharged by artificial means either by means of pits or wells, 
The hydraulics of ground water is a very important study which 
increases our knowledge of the relationship of ground-water sup- 
plies to their extraction through wells. It is the subject of 
a lecture for a more advance course . 
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WATER QUALITY 

Water moving through the atmosphere and the soil 
particles comes into contact with many soluble materials. 
These form chemical compounds, or salts, which are contained 
in solution. 

Some rocks are more soluble than others , Granites 
and other Igneous rocks are relatively insoluble but limestones 
gypsi^mi, and dolomite can be quite soluble. Over 1 onj^ periods 
of time, considerable amounts of calcium carbonate or sulphate 
are taken into solution from these rocks. 

The hardness of water is due to the presence of 
bicarbonate and carbonate salts of calcium and magnesium and 
the alkaline-earth sulphates, chlorides etc. The former 



contribute to the "Carbonate" or 
latter to the "non-carbonate" or 



temporary 



hnrdness rnd the 



■permanent hardness . 



Ground water is usually very hard, 
in common use is as follows : 



A hardness scale 



Hardness 



Soft water 

Medium or moderate 
hard water 



0-60 ppm of Ca CO3 
61 - 120 " " " " 



Hard water 



121 - 180 ' 



II 1 ' I' 



Very hard water 



greater than 180 



Depending on geological conditions, ground water may 
also contain amounts of hydrogen sulphide, salt, or iron. 



WATER USE 

The principal uses of ground water are for domestic, 
farm, municipal, industrial, and irrigation purposes. The use 
of ground water has increased considerably in recent years in 
Ontario particularly in parts of southwestern Ontario. Tliis 
has contributed to problems of water rights in common with sur- 
face-water supplies 
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Irrigation use is to a large degree consumptive use 
in that the water is lost by evaporation and transpiration and 
does not return to the aquifer. 

Industrial, municipal, and other uses of water have 
also increased but their effect on water supply is not as pro- 
nounced as irrigation use as most of it is returned to either 
surface or ground-water sources again. Re-use of ground water 
is practised to a greater degree in some other countries than 
in Canada. 

Approximately 30 percent of the people in Ontario 
use ground water. If we were to consider only those served by 
municipal water-works systems this percentage is reduced to 
about 17. In 1966, of 600 communities, 55 percent were served 
by ground water. 

About 77 percent of the well supplies were untreated, 
about 20 percent required chlorination only and about three per- 
cent had iron removal, aeration, or softening with or without 
chlorination. 



CONCLUSION 

In conclusion, we may say that ground-water supplies 
in Ontario are very important to its economy. Although tremendous 
quantities are unused, we do not know exactly what these reserves 
amount to. Ground-water investigations will have to be gieatly 
increased before this infonnation is known. 

Ground water is a renewable resource, Within limits 
of local precipitation and geological conditions, ground-water 
reservoirs can be lowered annually without endangering the supply 
provided the withdrawals are equal to the average perennial 
recharge . 

Finally, although ground water is usually very hard 
and may contain other undesirable chemical constituents, the 
advantages of cool and constant temperatures along with the 
economy of setting up and operating the water works system 
usually make it the preferred source of supply if the desired 
quantity of water is assured. 
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GENERAL SAFETY PRACTICES 

R.J. Norton 

Safety & Training Officer 
Division of Plant Operations 



INTRODUCTION 

The theme which must be stressed In all safety- 
work is that the greatest asset a water utility has is its 
personnel and good business dictates that this asset be 
protected. Thus, good utility management demands that a 
well co-ordinated and vigorous safety program be instituted 
at all water utilities. The mere lack of a safety program 
at a water utility would indicate that management is not 
alert to its duties^ 



A Si^ETY PRACTICE PROGRAM 

Before a safety program can be established, it 
must have the full co-operation and tfctive support of 
managements It is imperative that one person in the utility 
organization be designated as responsible for the program. 
In a small water works system, that person may be the 
superintendent, while in larger organisations another 
person who can devote part or full time to the Job may be 
so designatedo 

The next step in setting up the program is to 
provide fori (1) keeping injury records, (2) locating 
the hazards, (3) making equipment, plant arrangements and 
working methods safe, (4) getting employees interested in 
safety and (5) controlling work habits. 



INJURY RECORDS 

The keeping of injury records is basic to a safety 
program, Vith complete records, the program is given 
direction and is sure of success. The records should be 
short and contain space for all pertinent data. The forms 
should cover such items ass (1) accident report, (2) 
description of accident, (3) physician's statement, (4) 
corrective action taken and (5) accident analysis chart. 
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LOCATING THE HAZARDS 

The person responsible for the safety program 
should constantly be on the alert for hazards which may cause 
an injury to an employee. One of the best methods of 
attacking this problem is to search the records for the 
conditions and situations that have produced injuries. 
Records such as this provide evidence of the need for a 
corrective program. 

Many other sources of information on hazardous 
conditions are available. These include safety manuals, 
insurance company brochures, etc. These sources of infor- 
mation should be used freely and frequently, 

EQUIPMENT. PLANT ARRANGEMENTS. WORKING M ETHODS 

Nothing prevents accidents as effectively as the 
elimination of the causes. To preach safety while per- 
mitting unsafe conditions ti prevail is bound to create an 
obstacle to the co-operation required from employees. Only 
when safety is integrated into the job are workers convinced 
that the man responsible for safety wants to prevent 
accidents . 



CONTROLLING VORK HABITS 

There are always several ways to da a job, some of 
which are n :> t safe. Work methjds for all routine jobs 
should be analyzed and standardized on one safe way. These 
safe ways for doing a job should be stressed upon until 
they are not only accepted but the methods for doing the 
work become habitual. Thus, safety becomes a habit. 



SAFE WORK PRACTICES 

The accumulated records, statistics and infor- 
mation become of value when used for analysis because they 
permit closer concentration toward accident-prevention in 
the most hazardous areas. A study of the causes, the types 
and the sources of accidents may call for closer supervision, 
additional training and/or education in certain fields of 
operation. It is in this analysis that the safety program 
can make its best efforts and eliminate or minimize accidents 
and injury. 
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INDOCTRINATION 

The indoctrination of new employees is very 
important. This should be done at the time of employment, 
again by his supervisor and then as on-the-job training by 
his immediate foreman. This is the point where the employee 
develops the safe work habit, 

ON -TOE- JOB TRAINING 

Since safe work practices are the responsibility 
of the foreman as an essential part of his job, he must 
see that each workman fully develops the safe work habit. 
On-the-job training demands that safety be a part of Job 
planning and Job performance* 



PLANT LABORATORY 

Essential Items Required 

Adequate lighting Marked refuse 

Adequate ventilation containers 

S""!*"* '^°°**' First Aid Kits 

Deluge showers 

Appropriate signs A notices 

Protective clothing 

OPERATING SAFETY INSTRUCTIONS « 

1, Laboratory glassware must not be used for food or any 
other use than what was intendedo 

2, All bottles and containers must be clearly marked that 
the materials they contain can be clearly identified, 

3, Suction bulbs will be used on all pipettes. 

k. Access areas around shut-off valves and top areas of the 
sink and counter must be kept clear of unused equipment 
at all times. 

5, Oil or grease must not be used as lubricants when making 
glass to hose connections on any laboratory equipment. 
Use only water or water soluble lubricant Jellies. 







6. Gloves should be worn when making glass to hose 
c jimec t ions . 

7. A thorough knowledge of first aid for dealing with 
accidents involving chemicals, gases, gli*ss cuts, 
infections and burns of all types. 

8. Bottles containing hazardous liquids must not be stored 
in high places where it is necessary to climb up to or 
reach above the head to get them. Store them in lower 
shelves by themselves. 

VENTILATION 

All areas where solvents or :)ther compounds are 
used and stored must be well ventilated. The working area 
should be designed and constructed for the safety and con- 
venience of the worker ana for his efficient production. 
The ventilation should be by mechanical means with the air 
intake drawing air from the outside and in rooms where lime 
and other dry types of chemicals are used, dust accumulators 
should be installed in the air discharge pipe. 



ALUM 

Protective dustproof equipment and proper clothing 
should be worn by personnel handling and storing. Skin and 
nose irritations may be avoided by the use of plenty of water 
in washing and bathing. 



AMMONIA 

Cylinders should be stored in a cool, dry venti- 
lated place and handled with care. Protective equipment 
should be available while handling and in case of leaks, 
only trained personnel should make repairs. First aid prac- 
tices should be known to persons handling and using this 
material. 



ACTIVATED CARBON 

Storage should be in a dry fireproof space. Acti- 
vated carbon should be handled with protective dustproof 
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equipment. Smoking must not be permitted while working 

with or near stored material. Plenty of water should be used 

in washing and bathing. 



CARBON MONOXIDE 

Work on engines using gas^ gasoline or diesel 
fuel should be carried out in well ventilated areas. 
Improperly rented gas heaters should be corrected. 



LIME 

Protective dustproof equipment should be used 
while handling and a dust collecting system used, if 
possible. Storage should be In a ventilated, dry area. 
Plenty of water should be used in bathing and washing to 
prevent irritations and physicians should be consulted if 
irritation becomes severe^ 



SODA ASH 

Soda ash should be handled in the same manner as 
described previously for lime. 

SOLVENTS 

Care should be taken when solvents are used in 
confined areaso The area should be well ventilated. 
Solvents should be cleaned from skin to prevent irritations 



BARRICADES AND TRAFFIC CONTROL 

An adequate and safe work areamust be protected. 
Sufficient traffic cones and barricades should always be 
carried by crews assigned to construction or maintenance 
work in streets. Barricades should be painted bright, 
visible colours and maintained in good condition. Warning 
signs, flags, flares should always be adequate and in 
positions where they can be observed easily. 
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BUILDING MAINTENANCE 

Periodic inspections are necessary to eliminate 
hazards (fire, safeguards, etc) Suggested repairs for 
safety should receive immediate attention. Floors, hall- 
ways and stairways should always be well lighted, clean, 
orderly and free from oil. dirt and debris. Immediate 
repairs of hazardous electrical outlets and fixtures shjuld 
be routine. Adequate sanitary facilities for employees 
must be provided,, Hand rails on steps and stairways should 
be provided and used. Good hDusekeeping should be provided 
and used. Good hDUsekeeping must be maintained. 



FIRE PROTECTION 

Good housekeeping is the basis f^r fire prevention. 
Inspections should be made periodically and correction of 
fire hazards should be made as soon as practicable. Local 
fire departments should be consulted for recommendations. 



HAND TOOLS 

Hand tools, improperly used and in unsafe con- 
dition, are the cause of many accidents and injuries. 
Therefore, the right tool should be used for the right job 
in the right way. Protective safety equipment should be 
used where there is a job hazard. The work area should be 
in a safe condition, clear of liazards, with an adequate 
working space allowing a solid footing„ Tojls should be 
in good condition and used for the purpose for which they 
were intendedo 



HORSEPLAY 

No horseplay should be permitted on jobs. Many 
serious accidents and injuries are caused by horseplay and 
immediate corrective action should be taken if it is 
repeated, 

I NSPECTIONS OF TOOLS AND EQUIPMENT 

Periodic inspections should be made of tools and 
equipment so that those that are broken or worn out may be 



replaced, Vorn or broken equipment should be reported and 
replaced or repaired aa soon as practicablea 



LADDERS 

Ladders should be Inspected periodically and 
maintained in good order. Safety belts should be used 
when awkward positions are necessary for the work. Metal 
ladders should not be used for electrical works 



LAfiDSCAPING 



Personnel should be properly trained in the use 
of power equipment, especially power lawnmowerso Spark- 
plug should be completely disconnected and care should be 
taken while repairing or cleaning equipments 



LIFTING 

Lifting should always be done with the leg 
muscles instead of the back and footing should always be 
secures Knees should be bent and back kept straight and 
body must not be turned or twisted when lifting. 
Assistance should be secured if load is too heavy or 
awkward to handleo Use mechanical device for lifting 
wherever possibles 



PORTABLE AND POWER TOOLS 

All equipment should be safeguarded by grounding, 
Wiring and equipment should be checked periodically for 
defectso Extreme care should be taken when equipment is 
used in wet areaso Protective safety equipment should be 
used when using grinders, buffers, or other tools If there 
is a danger of flying material. 



PROTECTIVE SATETY EQUIPMENT 

The need for protective safety equipment in an 
accident prevention program has proven its value many times 
and the program cannot be successful if any phase of 
accident prevention is overlooked. 
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Safety equipment should be used as designated 
and its use should be compulsory by workmen performing 
haiardous work. Eye and face protection should be used in 
jobs where there is any possibility of injuries, that is, 
from hand tools, power tools, welding equipment, etc. Foot 
protection should be used to safeguard against injuries 
while breaking pavements, tamping trenches, handling 
materials, etc. Head protection (safety hats) prevent 
many serious injuries in construction, excavation or 
electrical work„ Hand protection (gloves) should be used 
to prevent injuries occurring when handling materials, 
sharp objects, chemicals or electrical equipment. Masks 
and respirators should be used when such hazards exist 
such as chlorine, painting or dusty areaso Prevention 
of accidents due to falls can be minimised by the use of 
safety belts, scaffold, etco 



SANITATION 



Washrooms, toilets, locker rooms, drinking 
fountains and showers that are clean., ventilated and 
adequately built keep good employee morale^ Adequate, 
clean drinking water and jjaper cups should be available 
at each plant, especially if the employees are exposed to 
skin irritant materialso 



STORE ROOMS 

Good housekeeping must be maintained at all times, 
Space should be well arranged to permit proper storage, 
handling and movement of materialso Inspections should be 
made periodically for fire hasardSp Fire extinguishers 
should be in good order and easily accessible location. 



ELEVATED TANKS AND RESERVOIRS 



The ground area surrounding elevated tanks and 
reservoirs should always be neat, clean and landscaped, if 
possible. Tanks and reservoirs should be kept in good 
condition. Protective fencing should be provided to keep 
out unauthorised persons^ Ladders should be securely fixed, 
Safety belts should be used when working in high or 
hazardous positionso More than one workman should be 
present for work or inspections. Care should be taken 
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when power equipment is operated to eliminate electrical 
hazards. 



TOOLS AND MACHINES 

Protective equipment should always be used when 
operating power equipment where there is any chance of 
flying objects or other injurieso Inspections should be 
made of all tools and equipment for safe operations and 
necessary repairs or replacements should be made Immedlatelye 
Repair of power tools and machinery should only be made 
when the equipment has stopped^ 

TRENCHING (EXCAVATION - SHORING) 

Safe and adequate work area should be well 
protected with barricades and traffic safety cones for the 
protection of the worker and the public. Proper and 
adequate tools and equipment should be available for the 
job to be doneo 

Workmen should use proper protective safety 
equipment, that is, safety hats, goggles, foot guards, 
shields, etco Inspections of the trench should be made 
for possible hazards - checking for possible cave-ins, 
projections inside trench, housekeeping, etCo Equipment 
should be operated by authorized and qualified workmen 
only. 

Since most serious injuries occur in the field, 
extra precautions should be taken of work safety and con- 
ditions of men in the trenchc. Never take chances while 
workmen are in the trench^ Proper shoring and bracing 
always pays^ 

r 

TRUCKS AND EQUIPMENT 

Trucks and equipment should have routine in- 
spections madeo Need of repairs should be reported and 
made as soon as practicableo Only qualified and licensed 
operators should be permitted to use and operate vehicles 
and equipment. Operators ana drivers should not permit 
riders on equipment or permit passengers on trucks or 
equivalent equipment when it becomes hazardous. Electrical 
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.or other hazards should be checked constantly when moving 
heavy equipment, 

WELDING 

Proper protective equipment should be used at all 
timesa Checks should be made for possible fire haaards, 
cutting or welding in areas of inflammable or explosive 
mixtures. Only authorized or capable personnel should 
operate welding equipment,, 



WORKING AREA 

A safe working area must be provided for efficient 
work to be doneo In the field, traffic should be con- 
trolled by the use of traffic cones, barricades, flags, etc, 
to give protection to the workmen as well as to the public. 
In the material yard and store raoras, good housekeeping 
and properly planned storage and work areas must be pro- 
vided to permit safe working practiceso In the shops, 
plants and offices, planned arrangements must be made to 
provide safe working areas to enable the most efficient 
production. 



CONCLUSION 

Through continuous research and accident 
experience, standard safety rules and safety devices 
have been worked out for most of the operations which are 
common activities in water utilitieSo We, as supervisors, 
are expected to know about these rules and devices, and we 
are also expected to use them. We must broaden our ^ 
horizons in safety, by learning what others are doing, so 
that we may have a wider understanding to help us work out 
protective devices and safe practices of our own operations, 
No matter how perfect the mechanical device or how thorough 
the research and development have been, the degree of Tia- 
zard for safety of the operation rests in your hands. 
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SAFETY MEtHODS OF HANDLING CHLORINE 

Chlorind is ofi« of the work-horse chemlchals of 
Industry and in any discussion of the subject some of the 
properties of the chemical should be considered first. 

Despite the fact tnat chlorine handling equip-> 
ment is well designed, a fact well-proven by the number of 
people who have been handling chlorine for many years 
without an accident ^ it must be recognised that chlorine 
is a potential killer if equipment becomes defective or 
people become careless. 

There is no such thing as a foolproof method of 
handling chlorine. Therefore, we will deal with the 
potential hasards which can be avoided or eliminated if 
the lethal properties of chlorine are recognised. 

By itself, chlorine is neither explosive nor 
flammable, but it will support combustion. 

For example, steel at a temperature of k83 F will 
ignite in the presence of chlorine and burn quite readily. 
Other metals will act similarly at slightly higher tempera^ 
tures. 

The least detectable amount of chlorine in the 
atmosphere is about 3 l/2 ppmo The maximum amount that 
can be inhaled for one hour without serious effects is 
about four (k) ppm. At fifteen (15) PP<n» chlorine will 
cause irritation of the throat; at thirty (30) ppm, it 
will cause serious spells and at forty '(**0) to sixty (60) 
ppm, it is extremely dangerous for one half hour exposure. 
A few breaths of air containing 1,000 ppm would be lethal. 



ESSENTIAL ITEMS REQUIRED 

1, A two-wheeled chlorine cylinder hand truck. 

2, A 10 or 15 minute air pack of approved design, 

3, Where one-ton cylinders are in usej a self»contained 
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air pack with a full face piece of approved design 
and make, and with a spare cylinder, 

4, A wall mounted steel cabinet with glass panels for 
storing the air pack, 

5, Canvas or cotton gloves coated with a waterproof plastic, 

6, A bottle of five percent concentrated ammonia for de- 
tecting chlorine leaks (not household ammonia). 

7, Signs - "Turn on Exhaust Fan Before Entering", 



Chlorine is shipped in three types of containers, 
150 pound cylinders, ton cylinders and tank cars. The I5O 
pound container is the more familiar itemt, These cylinders 
are equipped with a single Chlorine Institute standard 
cylinder valve which has a brass body and a Monel stem. 
There is a packing gland containing two rings of packing 
and a fusible plug„ The fusible plug is located on the 
side of the valve opposite the outlet and is designed to 
release pressure in the cylinder should the cylinder 
temperature rise above I60 F on the outstdeo 

The standard way of making a connection to this 
valve is with a yoke clamp, adaptor and a small head 
gasket. These three items are supplied free by the 
chlorine supplierso When connecting a cylinder to the 
chlorinating system, the following steps shall be followedi 

1, Secure the cylinder to a building column or a solid 
upright supporto 

2, Remove the protective bonneto If the cylinder has been 
exposed to the weather for a long time the threads at 
the base of the bonnet may have become corroded, in 
which case a few smart raps on opposite sides of the 
bonnet will loosen it so that it may be unscrewed easily, 

3, Remove the brass outlet cap and any foreign matter 
which may be in the valve outlet recesso When removing 
this brass outlet cap, stand to one side and remove it 
carefully, as there is the possibility of some chlorine 
being trapped under this cap. 



13 



k^ Check outlet recass for old I«ad washer, a 3" nail can 
be used« 

5a Place a nev lead washer in the outlet recess. 

6e Place a clamp orer the valre and insert the adaptor 
in the outlet recess and then fitting the adaptor in 
the clamp slot, tighten the clamp screwo 

The only- reliable method of determining the 
contents of a cylinder, is by weighing. The pressure in a 
cylinder depends on the temperature, not upon the amount 
of chlorine in the container. When convenlentp it is 
recommended that the cylinder stand on a scale throughout 
the entire period of discharge. In any event, the only sure 
method of determining whether or not the cylinder is 
empty is to weigh the container and check its weight with 
'ttte tare weight stamped on the cylinder's shoulders 



OPERATING SAFETY INSTRUCTIONS 



!• A self contained air pack must be worn whan it is 

necessary to locate and stop small leaks in the piping 
or when making any repairs or adjustments to leaking 
equipment, 

2, Wear plastic coated gloves when changing cylinders, 

3a When connecting the piping from the cylinders to the 
chlorine machine or whenever it is necessary to break 
a connection and recouple it, a new lead or fibre washer 
must be used each time, 

4« Do not lift a cylinder (150 IbSo) up onto the scales. 
Use a ramp, 

5o Whenever possible, two men should be present when 
changing chlorine cylinders, 

$t^ A self-contained air breathing unit must not be used 
unless the air cylinder is fully chargedo T p^ llnleafs 
must be completely recharged after i^ach use* 

7, When a leak occurs in a chlorinator room, do not open 
or leave open any doors leading into any other part 
of the building. Only doors to the outside should be 
opened. 
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8v Water should never be applied to a chlorine leak 

because of the added corrosive action created by the 
water and chlorine mixture. 

9, The chlorine exhaust fan must be turned on at all 
times when entering the chlorine room, whether for a 
routine check or for servicing or repairing leaking 
equipment while wearing a mask. 

10, In all cases where the concentration of the chlorine 
gas in the air is unknown, a self-contained air pack 
must be *irorn, 

11, Do not start up or operate a chlorinator or turn on a 
chlorine cylinder unless adequate protective equip- 
ment (air pack respirator) is on hand In the chlorine 
room area, 

12, All persons using the gas protective equipment must be 
trained in its use and maintenance, 

13, All removable parts of the chlorinator such as 
cylinder clamps, metal hose connections, couplings, 
headers, valves, etc., should be removed at the end 
of the chlorinating season, cleaned and inspected, 
and worn and damaged pieces replaced, 

ih. When using chlorinated powder or chloride of lime for 
dusting etc., a proper type of eye shield and gloves 
must be worn. The piping from the cylinders to the 
header located on the wall or to the chlorine machine 
must have an Inverted loop of not less than 10" in 
diameter in its length. The loop acts as a flexible 
coupling. 



CHLORINE 

1, If at any point in the chlorine gas piping that 

chlorine gas has been or is leaking and a green slime 
appears, this slime will coat the area to varying 
degrees of thickness, depending on the concentration 
of the leak and the length of time It has been leaking. 

Do not wipe this slime from the place of leakage with 
a wet cloth even if the leak has been repaired. Always 
use a dry cloth. The dampness of the wet cloth combines 



I 
I 



- . ; 



with the gaa and/or the chemlnal reaction that formed 
the sllmeo This worsens the leak or (If the leak has 
been repaired} creates another leak. 

If this green slime has dried to a dust or if it is 
necessary to remove this dust from any piece of equip" 
ment; do not blow it with your mouth or brush or wipe 
it unless thie ar^a is Qompl&tf^ly rentilated. Avoid 
breathing this dusto Ev^n minute particles are highly 
dangerouso 

0« Under no circumstances must r^hlorlne cylinders be moved 
or bumped when they are Li«>ing u»ed or connected to the 
chlorinatoro 

If it is necessary to move a cylinder that is in use^ 
the same procedure must be followed as for changing used 
or empty cylinders o 

3> Renew all metal chlorine gas piping leading from the 
cylinders to the header or chlorinator after each 
season of useo 

If Cihlorln a feion is continued for the full year the pipes 
must be replaced at the end of each year of operatlonp 
Do not attempt to clean and reuse the pipes. 
All black iron pipes used as header pipe for gas or 
liquid chlorine to be replaced after 5 years of servicee 



CHLORINE CYLINDERS -- HANDLING AND STORAGE 

Small Cylinders ( IjO I bSpj 

Small cylinders must 'lo t be handled roughlyj 
allowed to drop or fall to the ground or against each 
other. Use a two-wheeled cylinder truck when moving full 
or empty cylinders o 

If a hand truck is not available or if 4pace or 
conditions prohibit its use, it is then permissible to move 
full txr empty cylinders by rolling them by hand upright 
on their bottom edge^ Care must be taken so that the 
protecting bonnet does not become loosened and/or allowed 
to fall offc 

The protecting bonnet over the cylinder valve and 
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the cap on the threaded end of the valve must be kept on 
the cylinder at all times, empty or full, except when 
being used. 

Cylinders must be stored in an upright position 
in a dry area and prevented from falling over, etc., with 
a safety chain anchored to the wall with a snap hook and 
placed around the outside of the cylinders. Do not lift 
cylinders with a rope or chain sling. Read the instruc- 
tions, on the green tags on the cylinders. 



One Ton Cylinders 

One ton cylinders must be moved by an approved 
lifting bar and hoist, never by rolling them along the 
floor. 

General storage conditions are the same for both 
large and small cylinders. Chlorine cylinders of any siie 
should not be stored: 

(a) Near combustible material such as oil, 
gasoline and/or other wastes, 

(b) On an uneven floor or one wet or covered 
with debris. 

(c) Near the inlet of a ventilating or air- 
conditioning unit, 

(d) In a subsurface location, 

le) Close to any source of heat such as a 
furnace, heating elements or radiator. 

Outside storage areas should be sheltered from 
the direct rays of the sun, 

A ton container has two valves, very similar to 
the one on the 150 pound container, in fact, the only 
difference is that these valves do not have a fusible plug, 
The ton cylinder has three separate fusible plugs in each 
end. These will also melt at l60 F and discharge the 
chlorine from within. The delivery rate of chlorine from 
a ton container will depend on the temperature of the 
liquid in the container, but an average flow is about 20 
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pounds per hour of chlortn*^ gas, Th© one ton cylinder 
must be positioned on the scales, so that; the two dis- 
charge valves are above one another© Tifc top valve will 
produce chlorine gas» The bottom valve M.11 produce 
chlorine liquids 

Hazards of Hookinjg Up Warm and Cold Cylinders Together 

Should your storage, of full containers be con— j 

stderably cooler than the room in which they will be used^ 
speeial precautions should be taken to avoid the following 
cordltionso If a new cold container is hooked up in a 
parallel with a warm container^ the chlorine gas will 
condense into the cold container so that its liquid content 
will increaseo It can increase so that it b!>?comes a liquid 
full. If, when in this conditionj. the valve was to be 
shut off, it then becomes a bombo The container will 
naturally warm up in the new warm surroundings and, as it 
warms up^ the liquid will eipand exerting tremendous hydro-^ 
static pressures on this cylinder, Thtrp is a very good 
chance that this cylinder will burst creating a very serious 
situationo 

There ar«* two solutions to this problemo The first 
and probably the best is that full containers be stored at 
the temperature of the location where they are going to be 
usedo The second preventJkv^ measure is that when a new 
cyllnd«»r is hooked up in parallel to other partly used 
cylindersp the val re on the new cylinder should always be 
left open for several hours until It has reached a common 
temperaturoo 



Dry chlorine gas does not attack most common 
metalso Most metals however j, will corrode at a rapid rate 
when exposed to wet chlorine. Leaks oi^^curing in the 
presence of water or moist air tend to increase 'rapidly 
in volume, due to the coirosiv*> action of this acid. Pipe 
lines for handling dry chlorine should be made of extra 
heavy black iron steel pipe. Although copper piping may be 
used if desired, gaskets made of asbestos or lead are 
recommended. The use of rubber gaskets on chlorine lines 
should be avoided. Where screwed fittings or joints are 
required^ it is essential that all threads be clean and 
well formed. 
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Graphite, red lead or litharge may be used as 
pipe dope. In making joints, care should be taken to 
ensure that no dope is allowed inside the pipe as the oils 
will be chlorinated to form a gummy substance which will 
clog in the systetu. Similarly, all cutting oil should be 
removed from the inside of the pipe before erection. In 
the case of larger consumers of chlorine, it may be 
necessary to withdraw liquid from the containers and 
vaporine it in a vaporizer. In this case, the utmost 
precautions should be taken to ensure that at no time a 
liquid chlorine line is shut off at both ends with a valve 
without having protected this line with an expansion chamber 
to prevent hydrostatic pressure rupturing the line. As a 
general safeguard, all chlorine pipe lines should be sub- 
jected to a 300 pound hydrostatic pressure test before the 
line is put into service. Inmediate drying of chlorine 
pipe lines into which water has been accidentally introduced 
or which has been opened for repairs or cleaning is essential 
if corrosion is to be kept to a minimum. 



The chlorine industry in North America has 
experienced between one and two defective containers per 
thousand containers shipped. The majority of these 
defective containers have what is known as a "turning 
spindle," This is a stripped thread on the valve body. 
This is normally discovered when trying to close off a 
cylinder already in service. 

After the valve is opened and the flow of 
chlorine adjusted you should check that the packing gland 
is tightened down, A check of the connections should 
also be made, with an ammonia bottle, for any leaks. The 
maximum discharge rate for a single 150 pounds cylinder is 
about two or three pounds per hour. 

When discharging gaseous chlorine, a cylinder is 
actually re-f rigerating itslef. As the liquid chlorine 
inside the cylinder vapourizes, it takes up heat from the 
surroundings. No doubt you have noted that when a 
cylinder is nearly empty, frost forms on the outside of the 
cylinder. This acts as an insulation and reduces the 
amount of heat that the cylinder can get from its 
surroundings. This condition lowers the chlorine pressure 
considerably. The frost may be removed by scraping, or by 
circulating warm air around the cylinder with a small fan. 
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Do not, under any circums tancesg apply hot water or sxternal 
heat to a cylinder to speed up the supply of chlorlnoo 
This is an extremely dangerous practicoo There la another 
simple method for getting around this slow delivery of 
chlorine at the end of the cylinder and that is to connect 
another cylinder to a manifoldo When the first cylinder 
becomes covered with frosty shut It off and use the fresh 
cylinder until the first cylinder has warmed up to room 
temperature and the pressure has been restoredo The 
most simple way of overcoming this problem is to continue 
using the chlorine until th*« cylinder is emptye HoweV^rj» 
there are somt« ciroumstancits which merit more rapid action, 
Quite a number of OVRC plants use piping from the chlorine 
cylinder to the header or chlorlnator with a valve located 
on the pipe at the cylinder endo This valve can be closed 
as a shut off; the pipe then disconnected at the header 
(the header connection then capped) or disconnected at 
the chiorlnatoro The cylinder may be moved to a less 
haiardous location and a call put into the supplier who will 
come and deal with the cylindero Another possibility is to 
bleed this cylinder gradually to atmosphere. Another type 
of leak in a container is a leak around the packing glando 
With the valve shut offj> the packing nut may be removed and 
the valve repacked without any dangero Sometimes merely 
tightening the packing gland nut will sufficeo Fusible plugs 
occasionally develop leakso This is usually due to corrosion 
from moisture^ either internally or from the outsideo Again 
the supplier's personnel can be called in and apply a suitable 
clamp over the fusible plug to stop the leako The adaptor 
clamp can also be used to stop this leako Th« procedure 
would be to take a flat file and file the area around 
the fusible plug flat, and apply a small patch of rubber 
gasket material with a follow-up piece of metal and clamp 
this firmly in placfto It should be carefully noted, 
howeverg that the cylinder Is now without protection from 
high temperatures so that every attempt to use this 
cylinder up as rapidly as possible should be madeo 

It IS extremely important that a leaking cylinder 
is positioned so that gas rather than liquid Is escapinfo 
This cuts down the amount of chlorine fifty fold. Chlorine 
lines can be broken through mishandling^ chlorine can be 
discharged into the chlorinating room by leaving the wrong 
valve openj etc. 

When working with ohlorine, care should be taken 
to follow the prescribed pro»:;edure so that mistakes are not 
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made. However^ suitable gas masks should be available so 
that emergency measures can be taken. The chlorinating room 
itself should be adequately ventilated with a separate 
ventilating system cai>able of removing the air from the 
room once every four minuteso This ventilation should be 
located at a low level in the room because the chlorxne 
gas is heavier than air. Ideally, there should be two exits 
from a room containing chlorine containers and the doors 
should open outwards to facilitate rapid exit. Gas masks 
should be located just outside the chlorinating room as 
should the switches for the ventilati ng system. 
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FIRST AID IN CHLORINE HANDLING 

D, Jo Ellis 

Ass't. Safety Officer 
Division of Plant Operations 



Object: To instruct ir the proper first aid treatment given 
to a chlorine -gassed person and the proper methods 
of artificial respiration. 

If you. as an operator, came upon one of your fellow 
workers lying in a chlorine gas -filled room, unconscious and 
possibly not breathing, what would you do? Would you leave 
him there, or would you rescue him? 

The very first thing to remember before entering 
the room is that the chlorine gas that caiised the operator 
CO black out is still there ^ and, therefore^ you as a rescuer 
must put on a fresh "Air Pack" for yciir own protections or 
else there will be two victims instead of one„ "NEVER" enter 
a gas -filled area without a fresh "Air Pack" on. Do not use 
a "Canister Mask", The concentration of chlorine gas in the 
room may be too high a concentration to permit the use of the 
canister mask. The canister mask does not produce or contain 
fresh air; it only contains activated charcoal which will 
filter low concentrations of chlorine gaSo 

With the "Air Pack" on and cperatixig^ it is now safe 
to enter the gas filled room to rescue the casiialty. 

We must now dc the following: 

1) Call medical aid (doctor, Fire D€:pt= or ambulance) and 
tell them to bring oxygen equipment and a respirator o 

2) Lay the casualty down on his back (prone position) and . 
treat for shock (blanket over and under casualty) and 
start artificial respiratici imnediately if necessary, 

3) Administer hoc coffee only if casualty is conscious, 

4) Apply bvjrn lotion or oil for relief of skin irritation 
(DO NOT APPLY WATER) o 

b) DO NOT LEA'.T your ca?^ualty alc^e at any time imtil 

medical aid has arrived or you havo. taken your casualty 
to medical aid. 



6) If you have a self-contained "Air Pack" (Scott, M.S. A. 
or Survivair) put it on a conscious casualty as it will 
help his breathing. 

7) Throat irritation and coughing will be greatly relieved 
by a throat lozenger. 

Chlorine gassing is not accumulative, however, your 
lungs will be more sensitive to it in the future. 

If a large quantity of liquid chlorine is spilt on 
you, get under the deluge shower immediately to dilute the 
chlorine and wash it off thoroughly. 

The self-contained fresh "Air Pack" comes in varying 
sizes from 1/2 hour to 7 minutes. 

The size used by the OWRC in most of the projects is 
the 15-minute size. The 1/2 hour size is used as a back up 
air pack in our larger plants. 

The smaller size makes for easy access through man- 
holes where the larger one on a man's back prevents this. The 
small "Air Pack" can be put on in a matter of 10 to 12 seconds, 
whereas the larger one takes an inexperienced operator about 3 
minutes to put on. On a rescue seconds ccaint^^ especially if 
the man has stopped breathing, since artificial respiration 
must be started within 4 minutes of when breathing ceases, or 
the chances of saving a life are very small. 

The "Air Pack" is put on by slipping your amns 
through the shoulder straps and adjusting to the most comfort- 
able position. On the small pack the air valve must be turned 
en before putting the pack on. On the larger, it can be turned 
on any time. The hose is attached and the face mask put on. 



(Demonstration) 



ARTIFICIAL RESPIRATION 



There are many types, the most common used are mouth-to 
mouth (oral) and revised Sylvester methods. 



General rules for the treatment of a person who has 
stopped breathing :- 

1) Remove the cause from the casualty or the casualty from 
the cause. 

2) Ensure a free air passage (tongue not in the way and keep 
the head well back). 

3) Start artificial respiration immediately and continue 
until natural breathing resumes or a doctor says to stop, 
or rigor mortis sets in. 

4) Utilize and keep nearby: 

a) blankets 

b) shelter 

c) by-standers to relieve you; go for medical aid; 
keep crowds back. 

Demonstration of the two methods of Artificial Respiration. 



CONCLUSION 

First aid and rescue is a combination of common sense, 
a cool head and practice. Of these three, practice is about the 
most important. A cool head and common sense we develop, but 
practice in the use of first aid and rescue equipment is something 
you must do every month if you are to be proficient in saving a 
man's life in an emergency. 



CHEMiaUi PEED PIMPS 

Po Do Foley, Supervisor 
'echnical Advisory Services Branch - OWRC 



There are many types of chemical feed punps available 
to the water treatment plant operator o The common piston pump 
is sometimes used but is best suited to water pumping. It is too 
expensive when made of suitable chemical resistant materials and 
is also difficult to maintaino 

The plunger pump is normally used or. chemical feed 
particularly where a high pressure or a high degree of accuracy is 
required. 

For normal water pressures the most suitable p\ua.p is the 
dj.aphragm type^ It is available in a wide range of materials which 
are suitable for most chemical feed applicationsr and also in an 
a-ssortment of diaphragm diameters and types. The diaphragm p^amp 
is supplied with single, dual or tripl<^ pumping heads. In the 
last two types, they are usually alternate feed» 

Drawing #1 illustrates a fairly standard type of pump- 
head arrangement. Power is supplied by a small electric motor 
geared to a crank and pushrod. The rod is not directly connected 
to the punp diaphragm but rather, is only u^jed to push out the. 
diaphragm daring the pumping stroke,, During the mictior. stroke 
the diaphragn is drawn in by a spring. The chemical dosage is 
controlled by limiting the distance the spring can push back the 
diaphragm. Generally a small eccentric is used to limit the. travel 
of the spring and through it the diaphragm. With the eccentric 
in its tully opened position the stroke is 100 percent and the 
pushrod is always in contact with the return spring. At any atrokt^ 
.settling less than 100 percent, the spring and consequently the 
diaphragm will follow the pushrod on the suction stroke until the 
spring comes up against the eccentric, and it will stop at that 
point. The pushrod, however, will co-itinue its suction stroke 
travel with the crank and then start moving forward on its pressure 
stroke. Again depending on the setting of the eccentric, it will 
contact the spring and diaphragm and start them moving forward on 
the presstire stroke. 

The most cC;Dmon diaphra'gm material is "hyplon" which is 
a flexible plastic material that has extreme chemical resistance^ 
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The check valves are of various materials and made in 
a variety of shapes. The most common type is the poppet valve, 
which is shaped like a mushroom and made of a chemical resistant 
plastic such as "Koroseal" (a plasticized form of PVC) » The 
stem of the mushroom rung inside the connecting passage of the 
discharge fitting, as shown in drawing #1^ and has fluted sides 
to allow the chemical to pass by it» The cap of the mushroom 
acts as a check valve and seals on the top of the passage in 
the discharge fitting. 

The poppet valve is used on liquids of water-like 
viscosity, and specific gravitjf which will not attack .the 
plastico Because of its superior sealing properties as a check 
valve, it is preferable to the ball type.. Where higher vis- 
cosities and specific gravities are encountered, the glass 
ball check is used due to its greater weight. If even more 
weight is required, a stainless steel ball is used. Glass ball 
checks are usually used for active chemicals such as potassixim 
permanganate. They are not suitable for fluorides as they attack 
glass* 

Where the feed pump discharges into a pipe with negative 
head, such as a pump suction, or discharges at a level below the 
pump, it is necessary to provide an antisyphon valve in the p\imp 
discharge. The antisyphon valve is shown in drawing #2, The 
valve is generally mounted directly on the pump body in place 
of the normal discheurge fitting and, consequently, contains the 
discheurge check valve. The spring loading on the diaphragm provides 
a normal load of 10 psi. In operation, the pressure of the liquid 
in the pump discharge opens the valve by the pressure at "A" . 
The liquid passes over the seat into passage "B" which is an 
annular ring completely surrounding inlet "A"» A discharge 
port "C" with a boss for the discharge hose is provided. If a 
suction is provided at point "C'\ it will draw down the diaphragm 
against the seat but will not withdraw any dhemical. The pump 
pressure is more than enough to open the diaphragm when pumping. 

Where it is necessary to feed more than one chemical 
at one location, a multiple head feeder can be used. It must be 
remembered, however, that if the single motor fails there will be 
no chemicals fed. From the point of view of control, it is more 
convenient to feed only one chemical through one pumphead^, as 
the feed rate of the individual chemicals can be varied indepen- 
dently of each othero In an emergency however, many chemicals 
can be mixed and fed through a single pump — hypochlorite and lime 
are sometimes fed together. The point here is that with single 
head feeders on a multichemical feed operation, the loss of one 
feed pump does not always prevent the feeding of all chemicals. 
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Tl!e sta-idard diaphragm purap is siiitabi© far lise only 
wher*^ the rate of flow is constant, T.n l>catior..=; where the water 
flv^* rate varies, it ivS necessary to vary the cheirical le«d rate 
in order to maintain a constant dosage. A water' meter or some 
other similiu: metering device must be installed to measure the 
flow and put out a suitable signal to control the pump. This 
can be an air pressure signal operating at a 3 to 15 psi range^ 
whe.re 3 psi equals zero flow ard 15 psi equals 100 perceixt of 
flaW(, cr it can be a pulse duration signal » A comieon type gives 
a 4"seccnd pulse at zero fl<a»w and a 26-second pulse at full flow, 
so that the feeder would operate crce every 30 seconds , and 
would run for a number of seconds between these two values^, 
depending on the water flow rate,, In soEae cases a variable 
sce^.d drive is used and the outJ^ut speed of the motor is con" 
trolled according to the water flow rate, The control could be 
either the aj.r signal or pulse duration. The control can either 
vary the stroke length proportional tO' flew or vary the ON time 
of the Rotor cToporticnal to flow. The first jT'.ethod is -o^re 
prefer-able. Since the strokes E»er ninv.te do net change, it will 
not rratexially alter the tine between chemical additions o Where 
the ON time of the notor is varied (pulse duration), the number 
of times cheniical is added per minute car> becoKiue extremely law. 

Even in some constant speed applications the gtioking 
speed mast be ccnsideredo If your pump is on© in which the pump- 
head and nvotor are separate with cone pulleys and a V-belt^, 
always operate at a high stroking speed. You must use low stroke 
length even though it does increase the pump wear, but it will 
provide the optimuir. and most ev^n application of cberaicalo If 
you are concerned about the time, between pulse of chemical, you 
should consider a dual headed feeder. Most of these feed 
alternately through the heads rather than ainultaneously, and 
a much more even feed is obtained© 

In ?o:tie installations there is a probleir. of mixing 
the feed chericals and the watei in a pipeline* This can be 
overcome thorough the use of an inline nctcr-driven, niechanical 
mixer, or with inline r.ixing chanber.^, utilizing a chemical 
packing such as '"Berl Saddles'' <. r "Raschig Rings", 

At least one T:a.rafacr.-irer provides a watex-driven, 
chej:nical feed piimp^ paced by a vater meters which i« flew prD~ 
portional and feeds the cheraical more than ?C percent of the tine. 
The feed pump is driven with a water pre.^surized di,=iphragm in 
which the water is allowed to slowly enter during the power stroke, 
but is vented rapidly on the spring-retur.ned, auction i<treke. 
This does serve to provide chemical feed for a larger percentage 
of the time. 
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VThen chemical feed pmaps are used on slurriea such as 
lime^ diatomaceous earth or cartoon, they must be equipped with 
flushing lines as the slurry will otherwise settle out and 
accvimulate in the pump and piping^ The clean flushing water 
nuat be introduced on the suction side of the pump to clean 
both sets of check valves, as well as the diaphragm chamber and 
the discharge line. Most manufactvurers supply pumps with optional 
flushing connections on the suction valves and include with them 
the necessary automatic timers and valves to control the flushing 
operation* 

Where two chemicals such as lime and hypochlorite are 
being fed, a dual headed pximp can be utilized and the chlorine 
pumped through the lime head to provide flushing. It must be 
remembered, however, that this procedure will reduce the output 
capacity of each of the heads to 50 percent of their rated 
capacity. 

Where the p\imp is used on hypochlorite solution, a 
white scale of calcivim carbonate will build up on the inside of 
the puit^head and on the check valves and tvibing, A mild solution 
of muratic acid (mix 2 volumes of water with one of acid) will 
norinally remove the scale. The general procedure is to pxunp 
the acid through the pump to wast^ then rinse with sodium bi- 
carbonate to neutralize the acid. 

When a more accurate control of the chemical flow is 
required or where a high pressvire is encountered^, a plunger 
pump is generally used. ' Drawing #3 illustrates this type of 
pumphead. For most chemical applications^ a ceramic plunger 
is utilized with a stainless steel or hastalloy cylinder. Un- 
like the diaphragm pump, the plunger in this pump is attached 
directly to the connecting rod and moves with it on both suction 
and pressure strokes. A more sophisticated method of stroke 
adjustment such as the "Scotch Yolk" is utilized and proportional 
feed is attained by automatic stroke control, variable speed 
drives, or by interrupting the power supply to the motor as out- 
lined for diaphragm pump control. With a standard 110 or 
220 volt single-phase motor, no more than 4 start-stops per 
minute can be tolerated without burning out the starting winding 
of the motor. 



Q - 5 

0W6. No: I 
DIAPHRAM PUMP 



et9 m eHicK ttai*. 



CRANK 



CHECK VAUVI 




^ lUJlli 



CCCCNTRIC •TOP. 



OIAPHRAM 



OlKHAIlflt FITTIN* 



DltMARM 



•UCTION NOM 




SUCTION •ALL 
CNtCK 



•y=j:22Av:rT»« 



In cHimcAL 



Q - 6 
DWG. No: 2 

ANTI SYPHON VALVE 



SMIM 



•ODV 



CHECK VALVE 



DIMHKAM 




OttCHAII«B CONNECTION 



l>UMP lODV 



DWG. No= 3 
PLUNGER TYPE PUMP 



CRANK 



FLU«HIH« WATtK 
OUTLET PITTIN* 



PUMP PACKim 



•TRONE A0JU8TMCNT 



PLUSHINC WATER 
MLET PUTIN* 



OISCHARCE 
CHECK VALVES 



PUMP •OOV 




SUCTION 
CHECK VALVES 



R - 1 



INSTRUMENTATION - PART 1 

F„ H. Freemantle 

Instrumentation Specialist 
Division of Plant Operations 



Today instrumentation Is somewhat of a confusing word, J 

depending on a person's acceptance of its meaning. It is | 

sometimes associated with automation but I like to think of '> 

instrumentation as a system of control which can measure a I 

process and control some or all parts of it. ' 

Quite often we mention instruments, which is a particular j 
unit, when what we are actually referring to is instrumentation. 
We are all familiar with our automatic appliances, such as 
toasters, clock radios, stoves, furnaces, etc These all have 
forms of instrumentation in as much as they have an automatic 
control of some process, such as toasting bread, turning on the 
radio, baking, heating our houses, etCo, so it is not such an 
imposing word after all. 

When used in the industrial field it does measure and/or 
control a process. Now a process is any operation from pumping 
water to providing treatment or nanufacture of a substance. In 
the water works field instrumentation will measure the flow of 
water, control the pressure, pH, chlorine residual etc., level 
of reservoirs, and in so doing, will automatically control 
pumping, filter backwashing, chlorine dosage, alum dosage, etc„ 

Because of this type of process control we talk of an. 
'era of automation' Due to man s inability to maintain a constant 
control of equipment without faultering over an indefinite period 
of time, we use instruments and associated controls to do so . 
This does reduce the man power required but will improve the 
quality of those required to maintain a plant, The exacting 
requirements of today's operations has caused a large increase 
in automatic control and by this means all parts of a process 
can be observed and controlled from a central office. 

Here we are concerned with that instrumentation which 
will help us improve and maintain the quality of water which we 
are supplying to the water system. In the very simplest system 
we are merely pumping from a well or other source of water to 
a reservoir or tower, while in the more complex systems we will 
pump from an intake, through a filtering or treatment system, 
to another pumping station and into a final system or reservoir. 
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As with most things we do, we want to know what we are 
getting and the cost of the operation. To do this we must 
naturally know the flow or quantity of water supplied, and if 
treatment is required, to automatically control the quality. 

The first thing to do is to measure the flow by means 
of a flowmeter operated mechanically or by differential pressure 
types. The mechanical type we are all familiar with, probably 
have one in the basement of our house, on which we are billed 
for our consumption of water. The differential pressure types, 
which we deal with here, allow us to control our system more 
easily and we will examine several methods of how this is done. 

Pressure is force per unit area, e.g. pound per square 
inch or pound per square foot. A common way of measuring this is 
by use of a manometer which balances a column of liquid in static 
equilibrium. If we take a piece of glass tubing and bend it to 
form a 'U' and fill it partially with a liquid, we then have a 
very simple form of manometer. It is one of the most accurate 
ways of measuring relative pressure. 

With a simple bent tube filled with some liquid such as 
water or mercury and open at both ends to atmosphere, we note that 
the liquid will balance so that both levels are equal above a 
reference line. (Diagram lA) Anywhere in the tube we have ai equal 
pressure point to another at the same level from the reference line. 
It does not matter that one side of the tube is larger than the 
other as both are subject to the same pressure. All points at equal 
distance from the reference line in the liquid are subject to the 
same pressure. (Diagram B) 

When we introduce an external pressure to one leg, the other 
remaining with the same pressure, we find that the liquid in one leg 
will go down while the other goes up. If we take a point pa in the 
short leg and point pb in the long leg that are equal levels above 
the reference line and point pc to represent the distance from pa/pb 
to the level of the short leg, we find that equal pressure is 
represented on pa by p external plus pc and on pb by pi plus pc - pi 
being the pressure of the higher column of liquid. The distance 
between the lower and higher points of the liquid, hi, measured and 
applied to the specific gravity of the liquid will tell us the 
pressure applied in respect to atmospheric pressure. If we apply 
two pressures the distance hi will tell us the differential 
pressure on the system. 
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Differential pressure types of instruments use a change 
of pressure to determine velocity and hence flow. The principle 
used here is that a flow of liquid through a constriction in a 
pressure conduit results in a lowering of pressure at the 

con:^r.riction. This pressure change is proportional to or ] 

reflects the velocity of the fluid flowing through the 
restriction. 

The device used to first provide this differential 
pressure is known as a Primary Device, and the most common forms 
are " 

Orifice Plates 

Venturi Tubes 

Dall Tubes ' 

Pitot Tube 

Flow Nozzle 

Elbow Meter 

All these devices use a change in pressure and operate either a 
manometer type of instrument or a differential pressure transmitter. 

The differential pressure method of measuring flow is 
probably the most common, however, flow measurements can be made 
in open channels by the use of a parshall flume or the use of a weir 
plate. With a parshall flume it is common to use a stilling well 
and float which in turn will indicate the level of flow through the 
flume. To measure the flow over a weir, a bubbler tube can be used 
and with a fixed discharge of air, the head pressure on the bubbler 
tube will be an Indication of the flow. 

By the use of suitable levers, gears, etc., this change of 
pressure or level can be indicated as a flow value, it can also 
record or transmit the information to another point where it can 
indicate, indicate /record, indicate/record/control, another 
fuactio.i ^uch as pumps. 

The primary device along with a transducer, which is 
merely a means of changing one type of signal to another, with an 
indicator, is known as a transmitter. That unit which receives 
this signal and either indicates, records, or indicates and records, 
if known as a receiver. These units may be in the same box cabinet 
or they may be separated by a few feet or a few miles. When the 
information is transmitted to another location it is known as 
telemetering o 



R - 4 



The transducer along with the associated units are known 
as secondary devices. These secondary units are divided into 
three groups, namely : 

Mechanical 

Pneumatic 

Electrical which includes electronics. 

The mechanical type of instruments are operated by rods, 
gears, linkages and cables connected to the pressure take off on 
the primary devices. This, of course, eliminates lengthy piping 
arrangements which must be leak free. Mechanical units usually 
allow much flexibility in that portions of the unit can be 
removed and replaced without disrupting the flow of the material 
being measured. Disadvantages are in the lag of the instrument 
due to inertia and friction of the mechanical parts, slippage in 
the linkage, wear and breakdown of the moving parts and it does 
require considerable lubrication. 

The pneumatic type of instruments, while using mechanical 
linkages and parts for indication, are using a varying controlled- 
air pressure ranging from 3 to 15 psi. This signal can be 
transmitted by piping over distances up to 1500 feet to operate 
the required instrument. The advantages of this system is that 
the installation and maintenance costs are low while a continuous 
signal output with an extensive sensitivity to change in the 
variable being measured is provided. The main disadvantage is 
the relative short distance the signal can be transmitted and 
that a clean dry air supply is required. 

Electrical types of instruments will naturally use some 
mechanical linkages for indication but the signal is an electrical 
current or voltage change. This can be transmitted over great 
distances between the transmitter and receiver with little loss of 
signal strength or a time lag that is apparent in other systems. 
The cost of this type of system is usually a little higher but 
recent advances are causing it to be used more frequently in the 
smaller systems of control with a consequent decrease in cost. 

To return now to the pneumatic type of instruments, you 
will note that there are two illustrations of differential pressure 
transmitters. In the Bourdon tube type the signal pressure is 
applied to the element and it is the twisting effect of the Bourdon 
tube which is used to provide an indication or to do some other 
work. 



With the bellows type of differential pressure 
transmitter use is made of a force beam. This beam is set on a 
pivot and at one end two bellows are placed for the two pressures 
of the signal and at the other end there is a balancing bellows 
with a 'flapper' nozzle, air supply and indicating gauge. With 
a change in the pressure at the low side there is a corresponding 
change In the position of the beam. The changing position of the 
beam opens or closes the orifice through which a constant air 
supply is flowing. The balancing bellows provides a constant 
pressure to the force beam according to the position of the beam 
in relation to the orifice. This reflected pressure is used to 
give an indication of the pressure applied to the force beam 
and is in turn a direct relation to a flow measurement. 

The indication of flow as provided by the d/p transmitter 
can be used to operate an electrical type of signal transmission. 
One type of electrical instrument uses a revolving cam across 
which an arm rides and it is the length of time which the arm is 
on or off the cam which gives the pulse duration of the 
electrical signal. This signal at the receiver operates a 
magnetic clutch arrangement, which will move the indicator up 
or down according to the change of pulse duration. 

Another type of electrical instrument uses a variation 
in current caused by a change in a magnetic field, or a change 
in position of a poteritiometer When the position of the iron 
core is changed in the magnetic field the flux density is 
changed causing a change in the current flowing in the external 
circuit. This alr.o applies to the change of the position of the 
arm of the potentiometer which will change the current flow in 
that leg of the bridge circuit. 

The electrical instrument? are becoming smaller due to 
the use of trans istor^ and also are becoming cheaper by the more 
prevalent ur^e of this type of unit. 

While we. have covered a brief outline of instrumentation 
in regards to flow measurements, we must not forget the other 
measurements and controls, that are necessary. As mentioned 
earlier it may also be necessary to control the addition of 
chemicals to the water or to control a filtering process. The 
control of chemicals to the water may be done by continuous 
sampling or measuring for chlorine content, pH, or other 
required information, and- these measurements through an instrument 
controller will maintain a set value, or dosage. 
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The number of pumps required to maintain a certain level 
of water in a reservoir or tower can be controlled by the rate 
of flow as indicated by any one of the flow indicators, by means 
of suitable control circuits. The automatic backwash of a filter 
can be done by the measurement of the pressure across the filter 
bed, and at a predetermined value will automatically shut off the 
flow of water through the filters and proceed with the backwash 
operation. 

Instrumentation does require a trained technician to 
maintain the instruments in calibration and repair, however the 
principles of operation are simple and can be understood by the 
operator. This understanding will assist in determining the 
limitations of the equipment and what may be done in a particular 
problem. It must be remembered that all flow instruments are only 
accurate to 1% in the 20 to 80% range, 5% in the 10 to 207. and 
80 to 90% range, and cannot be considered accurate below 10% scale. 

It is not our intention to continue the 'little black box' 
theory in regards to instrumentation but to help disperse the 
mystery to allow the operation of the instruments to be of some 
importance to the operator . 
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BUILDING AND GROUND MAINTENANCE AT PLANTS 

A. Clark, P. Eng. 

Operations Engineer, 
Division of Plant Operations 



INTRODUCTION 

A prime requisite for any plant treating or pumping 
water, is that it be clean. There is an immense psychological 
value keeping a plant in a high state of cleanliness. Visitors 
do not expect a high standard of cleanliness in a plant and it 
is not unreasonable to assume that many visitors come in a 
critical state of mind. If your plant is clean, these visitors 
are pleasantly surprised. This is lesson 1 in public relations. 
Remember the quality of your product is measured by the appearance 
of your plant. Dirty plant, dirty product. Good plant, good 
product. We will discuss ways and means of creating this correct 
impression with the public. It will be discussed in two dinstinct 
parts:- Building Maintenance and Grounds Maintenance. 

A - Building Maintenance 

A large part of this is housekeeping. Cleaning should 
be done on a routine basis. Particular emphasis should be placed 
on office space, lunch room, washroom and locker room. Close 
attention should be paid to laboratory facilities and the control 
area. As well as being kept clean, these areas should be kept 
tidy. As a matter of fact, if you haven't time to keep the place 
clean, keep it tidy. Next in the order of importance are areas 
such as filtered galleries, pump rooms, chlorine rooms. Wherever 
possible, floors in these areas should be kept waxed and polished. 
A non-skid v^ax should be used at all times. A hospitalized 
visitor is not likely to be too complimentary. Keeping floor 
areas clean in the winter time is a problem, especially if the 
operator has to run in and out answering the telephone and fetch- 
ing tools, etc., but it must be done. The floors can be protected 
by coconut matting paper or rubber runners in the main tracking 
areas. In the modern plant, an industrial type floor polisher 
is almost a necessity and, if you do not have cne, you should make 
every effort to persuade your employer of the need for one. Next 
in the order of importance, and forgotten by most but the visitors, 
would be the window ledges, desk tops and shelving. These should 



be kept clean at all times. Some visitors like to look in cup- 
boards. Keep in mind that cupboards are for storage and not 
for depositing odds and ends in a haphazard fashion. There is 
a bonus to the operator in this, in that he knows where things 
are. Next on the list would be the windows. Windows are for 
two basic purposes : - one, to permit light to enter the building 
and two, to enable one to look out. When windows become dirty, 
efficiency in both these items is lost. It should be noted 
that when windows consist of two sides, inside and outside, both 
get dirty. 

The operator can be aided in his cleanliness by routine 
painting and waxing. Scaling pipe never looks clean and an un- 
waxed floor is difficult to maintain. This waxing of floors can 
be carried one step further. In recent years, waxes have been 
developed for concrete floors and these waxes can be applied 
successfully in pumping station dry wells and basements of control 
buildings. The basic reasoning is sound. Any concrete floor 
will continxially dust from the day it is poured. Dusting becomes 
worse as time progresses. The wax seals the concrete from the 
eroding action of the atmosphere. A good concrete sealer will 
have the same effect, but it will not shine up imder polishing 
as is in the case of application of liquid wax. In one large 
pxjmping station, where the operator brushed the floor daily, he 
found that after applying proper wax and polishing that his main- 
tenance was reduced to hosing down once per week. We now move 
on to the laboratory. Larger plants are now equipped with size- 
able laboratories, and even the smaller ones have some designated 
area where testing is done. Glassware on counters and racks 
should be kept clean when not in use. Solvents are available 
for cleaning glassware. 

Equipment painting is a subject by itself and this 
lecture will confine itself to the basic appearance rather than 
the protection aspect. The ground rules apply: 

1. Do not paint over rust. 

2. Do not paint over partially scaled paint, and if paint 
continxially peels, find out why. 

3. Paint work should almost always be cleaned with a stiff 
wire brush or sandblasted, wiped, primed and finished 
off with an application of finish coat. 

There is a fairly general opinion that copper and 
brass fittings and piping should be burnished and not painted. 
If they are burnished, a light coating of clear varnish will 
maintain the appearance indefinitely. 
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Painting of concrete floor can be a risky business. 
What will give satisfaction in one plant gives heartache in 
another. However, concrete which has been well cured and 
has received a finished surface, receives paint readily and 
general appearance is satisfactory. 

The following are a few tips for aiding cleanliness 
and easing operation. A simple wall rack for the storage of 
current magazines does much to improve the appearance. If 
ycur plant has a Ixinch room, dirty cups and cutlery should not 
be left aroxmd but should be washed and returned to storage 
after use. Lockers should be provided for street clothes and 
personal belongings and protective clothing should be stored on 
a rack close to an outside door. 

If you have a workshop area, this should also be kept 
clean. Mechanics, although they take great care of their tools, 
tend to be untidy. They should be encoioraged to clean up after 
extensive use of their workshop, put away dirty rags, sweep the 
floor and store bulk equipment neatly, 

A word of caution here, if there is a janitor at your 
pl^rt: di- net try tc nake him into a personal servant. He haii 
Ict.^ of work to do. 

There are numerous side-, benefits from this public, 
relations approach to cleaning There are better working 
^.cnditioRS for yourself^ things are easy to find when you 
reed then:, and safety practice is njide easier. 

Still confining our discussion to buildings, we will 
G.<fir lr«' what can be done to aid the appearance of the outside 
of thf. building with a minimur. of additional effort. 

When we discussed windcwc,, we managed to get both 
' ldt.«i : If an iSc we will leave them now. Brickwork, when it 
b»r'.. cr?r:i Splattered witii mud or sitaple rain scils should be 
hcsed and cccasicr.ally brushed. It 7;av be. -necessary ^ en 
cc.a&icn, to wash the brickwork down with muriatic acid, 
ir.ciprclAlly if efflorescence is the. problem, Where %'ertir.al 
wcrd aiding is used as an architectural feature, it is much 
-.3^i'--.r kept oil than varnished If you are not already 
ket.pirg yrur tanks hcf^;ed and bruahed, it is too late to 
rrt.->ticr. then. However „ here are a few thoughts on launders,. 
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Laur.ders can be. painted with either a metallic or base paint. 
Good use can be made of ceramic tile, especially in white or 
pale coloiirs. This is not as ridiculous as it sounds, because 
it nuakes your final or interim product appear much cleaner. 
Whatever your choice of paint or tile, they are much easier 
kept clean and, in many cases, a rubber squeegee can be used 
in preference to a wire brush. Hand rails aroxind tanks should 
be kept clean and painted and lucky is the operator to inherit 
alirriinum hand rails. In the larger plants, a steam jenny is 
a good investment. All this endeavour would appear to be time 
ccnstning, and it is, if you have to start from scratch, but the 
plant superintendent or chief operator who has had his plant 
spotless for an official opening will confirm the old addage 
that it is easier to keep a clean plant clean than to keep a 
partly clean plant looking partly clean. 

B - Grounds Maintenance 

Gras scut ting 

Area is the criteria. If you have a relatively 
f.niiall area, it can receive complete attention and be cut 
regularly. However, if you have a large area., you can go 
broke on cutting grass alone. Let us consider a small area 
to consist of one acre or less. Here there is no problem 
since an area of this size can be kept close trimmed and weeded 
at ill times. A word of caution here„ Do not cut your grass 
too short in summer time, since all you will do is burn it out. 
Wti-ere you have larger areas ^ in many cases, up to ten or more 
acres, the operator does not have the tine nor staff to keep 
the entire area in bowling lawn condition. Where this is the 
case attention should be concentrated en the area adjacent to 
buildings, tanks and access roads. This area should extend 
sorr.e 25 to 50 feet beyond buildings and tanks, and in the case 
of access roads anything up to 25 feet on either side cf the 
ar.ces? roads clipping the ditches should be kept trimmed and 
weed free at all times. Grass beyond these areas should be 
kept reasonably short and cut down v^ien it grows to or reaches 
the height of approximately six inches. These fringe areas 
should not be watered and., in this way, the grass will remain 
green and it might be possible to cut no more frequently than 
once every two weeks. These fringe areas in most plants 
would extend to the fence line or even beyond. At many 
plants, property beyond the fence is cvmed and, if this is a 
field, consideration should be given to renting out or lending 
to a farmer. 
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Lawn -cut, ting Equipment 

Much has been said on this, and much will be said, and 
it gets down to the matter of individual choice; however, here 
are some basic guide lines. For steep banks around tanks or 
steep contouring, a small two cycle mower is a must. It is 
alrto h^ndy for ducking in and out of flower beds. On the 
largt^.r, flatter areas, a large rotary four cycle mower is more 
desirable, something of the. size, cf a 7%-10 H„P. Gravely, either 
walking or riding. The thing to lock for here is a wide cut, 
34" and mere is new possible with dcublf. sweep roatary blades. 
This will handle most cf your g:a-scutting and will cut the 
working time, substantially. If your plant is located in what 
lcck.«^ mere like, an estate than a piece cf property, large farm 
type tractor typ«^ mcwers should be considered. Although they 
are expensive, they will eventually pay for themselves and save 
time and labour. 

Landscaping 

The immediate building area extending 25 to 50 feet 
beyond the buildings and tanks should be landscaped. As 
previously mentioned, grass should be close cut and weeded. 
But agai'*. a word of caution, do not cut. gr4ss shorter than an 
inch and a half. In this way. the grass develops a strong 
root structure and will choke out weeds by natural process. 
The use of gravel or crushed stone adjacent to the tanks is 
serviceable, but mainly to the growth of weeds in the gravelled 
area. This can be overcome by laying slight gauge plastic 
under the stone. Lawn areas are the most attractive and eye- 
catching, and these should be kept, clear of weeds as previously 
mentioned. There are numerous selective weed killers on the 
market and the operator has a wide choice of what he wants to 
kill. In this he is free to kill everything but the gra?5s„ 

If water is available, the area immediate to the 
building and tanks should be kept watered. However, during 
periods cf summer water shortages, it does not look good for 
the plant to be using water, when everyone else is on restric- 
tions. This will nullify your public relations. 

Access roads, pathways and driveways are frequently 
neglected, often through no fault of the operating staff. It 
is impractical to have a gravel driveway on which trucks are 
m^aking several daily trips. After several vears of this 
operation, the access read assumes the appearance of a rutted 
cow path and very little can be dene except regrade it. Under 
these circumstances, lightly travelled roads should be oiled 
and heavily travelled roads should be paved. 
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Flower beds enhance the plant appearance, but are time 
consuming and should be kept to a minimum and restricted to loca- 
tions where they immediately catch the eye. In planning flower 
beds, do not restrict the flowers to one space. Arraoge them 
so that there is a group of flowers in bloom throughout the summer 
season. Perennials frequently require less attention and less 
financial outlay than the annuals. Trees and shrubs should 
receive close consideration especially beyond the immediate land- 
scaped areas. Trees have three basic functions: windbreaking, 
screening and sun shade. As you all know, there are two basic 
trees in this area : - 

a) coniferous 

b) broad-leafed 

a) Coniferous trees would be - 

1 - Eastern White Pine - which is a tall, stately tree and 
can reach a height of 175 feet with a trunk diameter of five 
feet, but this is unusual and it is usually 100 feet or less 
in height and no more than three feet in diameter. This tree 
will grow on wide range of sites from dry, sandy to bogs, but it 
does best on a moist sandy soil. 

2 - Red Pine - Its average height is 100 feet with a trunk 
diameter less than three feet. It grows best on a loamy sand 
or gravel but can thrive just about anywhere. 

3 - Tamarack or Jxmiper - This is a medium size tree, 60 to 
70 ft. high, with a trxink diameter up to 2 feet. This tree 
grows best in damp, swampy areas. 

4 - White Spruce - This can grow to a height of 120 feet 
with a trunk diameter of four feet (usxial height is 80 feet) . 
This tree grows best in well drained moist soil close to 
streams. 

5 - Hemlock - This is a medium size tree, growing to some 
60 to 70 feet in height, and up to two feet trunk diameter. 
This will grow just about anywhere. 

6 - Balsam Fir - This also is a medium size tree, and it 
will grow just about anywhere. 
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b) Broad-Leaf Trees 

1 - Aspen or Poplar, The average height of this tree is 
abcut 40 feet with a triink diameter of about 8 to 10 inches. 
This tree grows best on a well drained loam and is found al- 
most anywhere. 

There are other broad-leafed trees, some of which 
are: - 

Walnut, Hickory, Iron Wood, Birch, Beech, Oak, Elm and Maple. 

I have mentioned only a few of the possibilities. There 
is an infinite variety of trees, but the ones that I have mentioned 
are readily adaptable to Southern Ontario climates and the Ever- 
greens, of course, will grow to the far North of Ontario. Opera- 
tors with plants on the North sshore of Lake Superior should take 
the advice of the local Forest Ranger, Broad -leafed trees should 
not be planted adjacent to tanks or they create a leaf problem in 
fall, with subsequent plugging of pipes and pumps. 

Those operators with small plants will not be able to 
go into the tree growing aspect and should consider instead, the 
growth of shrubs. Here again, climatic conditions prevail, but 
there are numerous Evergreen shrubs that can be grown easily in 
Southern Ontario, 



LAWNS 



I MATERIALS AND TOOLS 

1 - Humus and fertilizer - Any texture of soil will suffice 
in a pH of between 6 and 7 if necessary. Starting with 50 lbs, 
of fertilizer per 1,000 sq.ft. - first year - it should be fed 
at the rate of 20 lbs. per sq.ft. per year^ preferably in March, 
April and September. 

2 - Grass seed of good grade in a mixture suitable to soil 
and light conditions. Quantity -- about 4 lbs. per 1,000 sq.ft. 
Tools and machinery --a Roto -tiller; spade, if the work is to 
be done by hand; iron rake; baskets, wheel barrow, roller or 
tamper and a hose. 
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II PROCEDURE 

(a) Building a New Lavm 

1. Choose the most opportune time to sow seed. Early fall, late 
August or September is best, with early spring as a second choice. 
Rye grass or Timothy can be sown temporarily - to be ploughed or 
dug under later, or sodding may be resorted to - although it costs 
twice as much as seeding. 

2. Prepare the seed beds some weeks in advance so that it can 
settle before sowing. 

(a) Test soil to find out if lime is needed and how much 
(check the pH) 

(b) Plough or Roto-till the existing soil. Remove stones 
and debris and rough grade before preparing the seed bed. 

(c) Replace any top soil which may be piled to one side of 
the lot during rough grading for drainage, etc. 

(d) Spread (all at one time, if desired) any necessary lime, 
commercial fertilizer, humus, and mix them with the top 
six inches of soil by Roto-tilling or digging at least 

a week in advance of seed sowing. 

3. Other good grades of lawn seeding have a mixture which suits 
soil and light conditions. If the grounds are in part shady 
areas, then a shady mixture may be sown throughout. If both 
sunny and shady mixtures are being used, grade the two together 
where they meet to avoid the deciding difference in grass texture. 

4. Add more fertilizer to the surface inch or two, rake it in 
and smooth down the surface just prior to seed sowing. 

5. Sow the seed in two directions, first splitting the quantity 
equally. 

6. Rake the seed into the soil very lightly after sowing and 
firm the bed with a light roller, if available, or a tamper. 

7. Water with a spray mist if drought sets in before the seed 
sprouts well. Supply ample water throughout the first season. 

8. Begin to mow when the grass reaches a height of 3 or 4 inches. 
Set the mower to mow the new grass at 1% inches in height. 



9. Destroy crab grass and other weeds when they appear. Do 
this by hand the first season as chemicals would be too strong 
for new grass. 

10. Follow through every year by feeding and top dressing in 
the spring or fall and by keeping the grass as weed free as 
possible. 

(b) Renovating an Existing Lawn 

If a lawn has a stand of 1/3 or more of good grass, it is 

worth renovating. The following method can be used to improve 

a new lawn of poor thin soil, or an old lawn which has become 
crab grass infested. 

Early fall is the preferred time to renovate, otherwise 
early spring. 

1. Mow the grass short first, Chen rake off the clippings along 
with the fallen leaves, dead crab grass and other weeds. 

2. Feed the whole lawn with a special lawn fertilizer or general 

commercial fertilizer. 

3. Scratch all the bare patches of soil with an iron rake. 

4. Seed them with a good mixture by hand and rake in very lightly. 

5. Using a light roller or tamper, compact the soil. 

6. Keep the surface soil moist by watering both before and after 
the grass shows above ground. 

Now in conclusion: We have not covered the entire field. 
The purpose of the lecture was not to tell you what to do and when 
to do it, but rather, to make you see the overall problem and plan 
your attack accordingly. 
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DISTRIBUTION SYSTEM MAINTENANCE 

R. Peacock, 

Water Works Superintendent 
Oshawa Public Utilities Commission 



INTRODUCTION 

Maintenance comprises those operations which serve to 
keep a system functioning properly. Repairs, on the other hand, 
are those steps taken to replace broken or worn parts of the 
system. Since these two terms are not given the same meaning 
by everyone, we shall use the term preventive maintenance to 
mean ways of keeping a system f\inctioning without costly break- 
down. The term corrective maintenance will be considered to 
include those operations required to repair or replace any part 
of the pipe system. 



MAIN LINES 

Adequate maintenance of any part of any system requires 
a supply of proper tools, equipment and repair parts. The tool 
supply should include pumps, cutters, wrenches of all types, air 
tools, caulking tools and various kinds of small hand tools. 
When a large line is cut or broken, the best available pump should 
be used. Diaphragm type pumps will be found to be most satisfac- 
tory when the water to be pumped contains large quantities of sand 
or clay, which tend to clog and cause premature failure of seals 
in centrifugal type pumps. If a large volume of clean water is 
to be pumped quickly, centrifugal type pumps are the best choice. 
Caulking tools are needed when lead joint pipe is used in the 
system. Air tools save valuable time when it is necessary to 
cut through a paved road. Various types of pipe cutters may be 
il&^ed, but when it is necessary to remove a section of pipe, it 
is handy to use a cutter such as the Strickler ratchet cutter 
which removes about 1/8'* of the pipe allowing easy removal. It 
also helps to eliminate the danger of breaking the pipe which is 
to remain in service. In making any cuts in a pipe, it is 
important to cut only as much as required and, if possible, to 
make all cuts square which enables better joints to be made when 
fittings are installed. 
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Various other types of equipment are used which help 
to save time and money during repairs. There are for example, 
two way radios which cut down the number of men required to 
maintain the system; leak detectors which have the obvious 
advantage; pipe locators of all kinds are used for spotting 
underground pipes, and where there are many underground lines, 
a special wireless electric locator is used; a valve box 
locator, which is no more than an inverted compass which will 
pick up almost any metal such as valve boxes, meter boxes or 
sewer manholes, and is especially handy in case of emergency. 

A good supply of repair parts is important as any 
repair job can be costly if it has to be patched up until the 
parts are available. 

Road reconstruction is causing us to be involved in 
some of our biggest corrective maintenance jobs, involving 
relocation, lowering and offsetting of existing water mains, 
hydrant connections and services to accommodate new road grades, 
sewers, etc. 

When lowering a line, it should be let down slowly and 
the offset in each joint kept the same. Care should be taken 
that the deflection in each joint not be permitted beyond the 
maximum limit. As an example, when lowering an eighteen foot 
length of eight inch diameter cast iron mechanical joint pipe, 
never let any such length of pipe deflect more than 20". The 
maximum allowable deflection for any pipe or joint size can be 
found in the manufacturers' handbook. If the pipe being lowered 
has lead joints, it is necessary to recaulk each joint. 

If an offset in a large line is to be made with bends, 
it is recommended that straps be used to hold the bends in place. 
All bends must be firmly blocked before the water is turned on, 
as any pressure surge on an unsupported bend can blow the joint 
apart. An offset is usually made by joining two similar bends 
with a short section of pipe. 

Many kinds of fittings and repair parts are used in 
line repairs, and a few of them are listed here. 

The split sleeve can be used for repairing broken or 
split pipe. There is a special kind of split sleeve made for 
repairing broken bells. This sleeve may also be used for 
joints in which the spigot end has moved out of the bell. When 
repairing a section of pipe that needs several lengths, the pipe 
can be replaced and the last two pieces can frequently be raised 
and "buckled in", thus saving a sleeve. 



Corroded or broken steel pipe can usually be repaired 
with a flexible type coupling. 

Asbestos -cement pipe can be repaired by using sleeves 
and adapters manufactured specifically to fit this pipe. The 
suppliers can also provide special short lengths of asbestos - 
cement pipe with machined ends, and short machined overall 
lengths are available to eliminate some of the field operations 
required to repair this pipe. 



GATE VALVES 

In a new system, the maintenance of gate valves is 
limited mostly to the repair of stuffing boxes and valve boxes. 
There are also always cases where the valve is damaged, but 
with careful installation this should be at a minimum. In 
such instances, it is necessary to replace the broken part. 
Valve stems, gates, wedges or other parts can often be repaired 
with the body of the valve still in the main line. 

In every system there is the need for periodic valve 
inspection. This is done to find valves that are closed or 
have some minor defect. Left-hand valves should be clearly 
marked if not replaced. Valves on 12" and smaller mains 
should be operated at least every three years and more often 
if the water being transmitted is of an aggressive nature. 
Valves larger than 12" should be operated at least once each 
year. 

When a valve is closed, and water still passes the 
gate, the valve should be opened just enough for water to pass 
under the gate. This usually washes out anything that is 
stopping the gate from closing properly. If the gate is not 
effective after several repetitions of this, the gate should 
be removed from, the valve. Any obstruction below the gate 
can be removed, and any worn parts replaced. 

Some valves are hard to close and occasionally too 
much force is applied to them. When the gates are tightened 
down too much, they are sometimes warped and thus water can 
pass above the gates. The stem can also be twisted which 
will cause the gates and threads to bind. 
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A record showing the accurate location of every main 
line valve should be kept. This should be detailed drawing 
showing measurements from various permanent marks or objects, 
e.g. property lines, manhole covers, catch basins, fire hydrants, 
curbs and sidewalks. 

The three intersection drawings illustrate the detail 
required to make these records useful. If intersection drawings 
are carefully drawn, using up-to-date accurate information, they 
will become most useful tools. The principal advantages of 
having these records readily available are: 

1. They help to isolate main breaks quickly, thus reducing 
road and flooding damage. 

2. They improve your public image by helping to avoid the 
seemingly endless search for that elusive last valve at 
an intersection. 

Valve boxes should be kept up to grade at all times. 
Some may have to be adjusted several times, but in the event of 
an emergency, it is important to be able to locate valves quickly. 



HYDRANTS 

Of all the points of maintenance in a distribution system, 
hydrants could be one of the easiest, if a little preventive main- 
tenance is used when the hydrants are installed. 

One of the major problems in larger cities and towns is 
to find locations for hydrants away from potential traffic damage. 
In cold climates with severe winters, it is very important that 
hydrants be pumped out immediately after use to prevent freezing 
and cracking. 

A suggested procedure for hydrant inspection is as 
follows t - 

1. Use a sonascope and listen for underground leaks. 

2. Check gate valve and valve box. 

3. With the caps on, open the foot valve and check the 
stuffing box and nozzle caulking. 

M-. Close the foot valve, remove the caps, and check the drain. 

5. Flush the hydrant. 

6. Check and grease the threads on the nozzles and caps. 

7. Check obstructions to use. 

8. Oil the operating nuts. 



Except for water storage tanks and valve boxes, fire 
hydrants are usually the only visible parts of a water system. 
It is, therefore, important that the exterior finish of hydrants 
be kept in good condition. 

Some municipalities have adopted the practice of 
colour coding hydrants to indicate the amount of water available 
from each individual hydrant. 



SERVICES 

Curb stop boxes require periodic maintenance, particu- 
larly to follow up reports of boxes protruding above walkways. 
All reports of projecting curb boxes should be investigated 
quickly and necessary repaia should be carried out, before a 
pedestrian injures himself by tripping over the box. 

When repairs have to be carried out on curb stops or 
pipe joints on the service ahead of the stop and waste valve, 
the flow of water from the main can be controlled by shutting 
off the main, which usually involves shutting off service to 
many customers, or the flow can be stopped by using one of 
several methods of temporarily freezing the service. 



METERS 

The most important and most obvious requirement of a 
meter is that it should register all flows accurately. Actual 
tests carried out on inaccurate meters showed that a high per- 
centage would not register low flows. It was also shown that 
in most residential areas, about 27 to 54 per cent of the total 
consumption is at flows of less than 0.5 gal./min. Thus, for 
an economic production and distribution of water, accurate 
figures of consumption to be applied to water bills must be 
maintained. 

In some systems a time limit plan is used, such as 
five, seven, or ten-year plan. The seven year plan is about 
the average for most systems and they usually start off by 
pulling all meters out of service that have been in use for 
seven years or longer. The time limit plan is not always 
effective when, for example, the water being metered is non- 
active and non-corrosive so that a large percentage of meters 
become inoperative from broken registers. In such cases, it 
is better to check the meter readings monthly, from which it 
can usually be determined if inaccuracies are apparent. 
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TANKS 

The life of a tank depends upon a thorotigh and regular 
inspection, and prompt repair of it when repairs are necessary. 
Another item that determines the life of a tank and supporting 
tower is the type of water and weather conditions. The regu- 
larity of inspection depends on the type of system used and its 
location. 

Tank inspections should be made after every storm and 
flood. Regular inspections are usually made in the spring of 
the year to allow plenty of time for repairs during the good 
weather. 

The inspection is made to determine the extent of 
pitting or paint failure by blistering, peeling, rusting, or 
abrasion. The inspection report should state whether or not 
the pitting is in spots and can be repaired by welding, or 
whether the pitting is general and requires new sheets or struc- 
tural members. The inspection report should contain as much 
detail as possible on the condition of the tank and any recom- 
mendations for repair. 

During the inspection of the tank, the utmost in 
safety measures should be put into practice, because ladders 
and spider rods are usually the first to deteriorate. 



CONCLUSIONS 

We in the business of "manufacturing" potable water 
too often forget that the eventual target of our endeavours 
is the consumer, whether domestic or industrial. Bearing this 
in mind, it must be obvious to us that our efforts in the pump- 
ing station or filtration plant, our calculations and measure- 
ments on chlorine feed rates and micro -strainer operation com- 
prise the first step in reaching our target. The second step 
is the care and maintenance of the distribution system which is 
eqxially important, for without due consideration to this, our 
other activities can be almost meaningless. 

Let us consider the factors involved in the distribu- 
tion system which affect our final target. If leaks in the 
distribution system go undetected, our consumers suffer through 
decrease in water pressure. We and the municipality suffer 
through loss of water, and again the consumer suffers either 
through paying higher rates for water, or higher taxes. 
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Where breaks occur in the system and proper cleaning 
and sterilizing is not carried out during and after repair, then 
the consumer suffers with water which may be contaminated or 
have a taste, odour, or colour. The bad publicity and possible 
health hazard from such occurrences are certainly undesirable. 

Neglect of the simple valve can cause extreme incon- 
venience to the consumer in the event of a line break, where 
it is necessary to close off much more of the line during repairs 
than is absolutely necessary. 

Care and maintenance of meters should be rather obvious 
to ensure that no consiimer is billed for a greater quantity of 
water than was actually consumed and conversely, no consumer is 
using more than he is paying for. 

From this duscussion, it can be easily seen that 
taking our starting point from the careful installation of an 
intelligently designed system, it is quite simple and relatively 
inexpensive to maintain the distribution system satisfactorily. 
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CHLORINATION - PART I 
G. R. Trewin, 

Assistant Director 
Division of Sanitary Engineering 



INTRODUCTION 



The basic lecture on chlorination will review the 
subject under the following headings: 

Purpose of Chlorination 
Chlorine Chemistry 
Bactericidal Effectiveness; and 
Chlorine Residual Determination 

The lecture at the next course will delve further 
into the subject under the following five headings: 

Types of Chlorine Residual 
Equipment 
Routine Operation 
Emergency Operation; and 
Adverse Bacteriological Results 



PURPOSE OF CHLORINATION 

The chlorination of public water supplies represents 
the most important process used in the production of potable 
water. The first and basic reason for chlorination is to 
provide disinfection. Disinfection refers to the reduction 
of the bacterial population to a safe level and the elimination 
of pathogens as contrasted to sterilization, which refers to 
the total destruction of the bacterial population. 

The object of disinfection is to kill disease- 
producing organisms which may have gained entrance into a 
water supply. The bacteria involved are primarily those 
causing intestinal (enteric) diseases such as typhoid, the 
paratyphoids, and dysenteries; most other harmful bacteria 
are not generally considered to be spread by impure waters. 
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In addition to bacteria, viruses are now being given 
consideration. It is now believed the virus which causes 
infectious hepatitis can be water transmitted. In the same 
regard, the poliomyelitis virus may also be of importance. 



CHLORINE CHEMISTRY 

The reactions of chlorine with water and with the 
many substances that may be in the water and the effect 
temperature and pH have on these reactions are all related 
to the performance of the chlorine added. 

There are a tremendous number of reactions that 
can be initiated when chlorine is added to natural waters. 
It would take considerably more data than we now have to 
predict exactly what will take place when chlorine is 
added to the water. 

To simplify the ensuing discussion, the majority 
of materials with which chlorine will react in dilute 
solutions will be roughly categorized into five groups: 
inorganic substances, ammonia, amino acids, proteins, and 
carbonaceous matter. 

The first reactions that should be considered 
are those between chlorine and water (equation 1 and 2). 
In chemically pure water, chlorine reacts with the water 
and hydrolyzes to hypochlorous acid (HOCl) and hydrochloric 
acid (HCl). 

Equation 1: CI2 + H2O > HOCI + H^ + Cl- 

Equation 2: HOCl ^ ^ H+ + OCl- 

When the pH is above three and the concentration 
of chlorine is less than 1000 mg/1, the reaction is, for all 
practical purposes, irreversible and instantaneous. The 
hypochlorous acid dissociates to hypochlorite ions (0C1-) 
and hydrogen ions (H^) . The equilibrium condition for this 
reaction is a function of the pH and temperature as shown 
graphically in Figure 1. Because the dissociation is so 
rapid, the equilibrium ratio at any given pH remains constant 
even though the hypochlorous acid concentration may be 
decreasing. 
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Since the oxidizing agents in water are the 
hypochlorous acid and the hypochlorite ion rather than 
molecules of elemental chlorine, the unreacted excess 
has been classified as free available residual chlorine. 
As the pH of a solution containing 1.0 mg/1 of free 
available residual chlorine is elevated, the oxidation 
potential decreases as shown in Figure 2. The curve 
plotted by Chang for 8.7 mg/1 of free available residual 
chlorine is almost Identical. The oxidation-reduction 
potential is a measure of the tendency chlorine has to 
react with other materials. Unfortunately, it is not a 
measure of the speed with which these reactions will take 
place. In essence, as the pH Increases, chlorine tends 
to react with fewer substances, and it is generally 
accepted that, as the temperature increases, the reactions 
that do take place will be faster. 

The oxidation reactions of chlorine with 
inorganic reducing agents are generally very rapid. 
Sulfides, sulfites, ferrous iron, and nitrites are 
examples of such agents. Some dissolved organic 
materials also react with chlorine rapidly, but the 
time required for completion of most organic chlorine 
reactions is a matter of hours. 

The kinetics of the reactions of chlorine with 
ammonia, amino acids, and proteins, and the products 
produced by these reactions have been extensively studied. 
The common goal of this work was to theoretically explain 
the breakpoint process. Griffin, has shown that when 
chlorine is added to water containing ammonia or ammonia 
ions, a residual oxidant is obtained. However, when the 
initial molar ratio of chlorine to ammonia is greater 
than 1, oxidation of ammonia and reduction of the chlorine 
starts to take place. When the initial molar ratio of 
chlorine to ammonia is around 2, all of the free ammonia 
is oxidized and chlorine reduced if sufficient time is 
allotted for the reaction. The reactions of chlorine with 
albuminoid nitrogen were found to produce a form of the 
breakpoint curve. But, the hump and the breakpoint in the 
curves were usually less discernible than those obtained 
with free ammonia. 
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The conclusion made from research has, essentially 
established that the reactions of chlorine with ammonia can 
be represented by equations 3, 4, and 5. 



Equation 3 
Equation 4 
Equation 5 



HOCl + NH3-^NH2C1 + H2O 



HOCl + NH2CI — >NHCl2 + H2O 
HOCl + NHCl-2 — ^Cl3 + H2O 



The rate of chlorine substitution and the reaction 
products are a function of the pH, temperature, time and initial 
chlorine to ammonia ratio. For pH values less than 5, the 
reactions between ammonia and chlorine may require several 
minutes. The actual products of the breakpoint reactions and 
the mechanics of the reactions are yet to be clearly defined. 
The amount of dichloramine (NHCI2) formed during the reaction 
is also questionable. The amount of dischloranine formed is 
also a function of the temperature, pH, time, and initial 
ratio of chlorine to ammonia. Fair et al, report that the 
equilibrium condition between monochloramine and dichloramine 
can be expressed as follows: 



(NHt) (NHCI2) _ 
(H+) (NH2C1)2 - 6.7 X 10-^ 



This relationship for a chlorine to nitrogen molar ratio of 
1 is plotted in Figure 3 (Curve A), Curves B and C in 
Figure 3 are the relationships obtained by Palin. In any 
event, at pH values below 6, some dichloramine formation is 
to be expected. Research also indicates that at pH values 
below 7,5 some nitrogen trichloride formation is to be 
expected as well. 

The oxidation-reduction potential of the chloramines 
is much lower than that of free available chlorine and is also 
affected by pH, For pH values between 6 and 8, the chloramine 
oxidation potential is shown in Figure 2 with a similar curve 
for a 1,0 ppm combined residual formed with glycine. The 
influence of the ammonia-chlorine ratio upon the oxidation 
potential is shown graphically in Figure 4. 
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The lower oxidation potential of the ammonia 
chloramines indicate that they are less reactive than free 
available chlorine. The research on the reactions of free 
and combined available chlorine with various amino acids 
also indicates that the chloramines react slower and to a 
lesser degree. 

Figure 5 presents an example of a break-point curve 
when a 0.5 ppw of dose of ammonia nitrogen is added to a 
chlorine dematid free water. As the chlorine dosage is 
increased, the ammonia will be oxidized. The break-point, 
or near complete destruction of the ammonia will occur when 
the chlorine dosage is between 7.5 and 25 times that of the 
ammonia; either natural or added. The chlorine dose at 
the break-point, shown as B in Figure 5, is generally 
approximately 10 times the original ammonia concentration. 
The ideal type curve shown in Figure 5 Is seldom realized 
because of the presence of complex organic compounds in 
the water. 



BACTERIACIDAL EFFECTIVENESS 

The primary purpose of the addition of chlorine to 
water is to destroy bacteria and other microorganisms. Trace 
amounts of free available chlorine prove to be very effective 
in this intended purpose. One belief is that the destructive 
action is a physio chemical one. Another theory postulates 
that because trace amounts of chlorine are effective, it 
implies that it must inhibit a key-enzymatic process. 

Any change in the state of the chlorine which 
reduces its oxidation potential as for example, its reaction 
with ammonia or ammonia derivatives to form combined chlorine 
residual — reduces the rate at which it reacts with the 
bacterial cells and decreases its effectiveness as a 
disinfecting agent. 

Available data show that, under most favourable 
conditions: (a) to obtain equivalent bactericidal action 
with the same period of exposure, about 25 times as much 
combined available residual chlorine as free available 
chlorine residual is required and, (b) to obtain equivalent 
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bactericidal action with the same amount of combined 
available chlorine residual as free available residual, 
a contact period of approximately 100 times as long is 
required . 

Besides the type of residual having an effect 
on the chlorine residual required to effect disinfection, 
other factors such as pH, temperature, and type of water 
will also vary the requirements. See Figure 6 for a 
residual requirements curve secured in U.S. Public Health 
Service experiments at temperatures of from 20*^ to 25^^ C 
for 60 minutes with an exposure to combined available 
residual chlorine and also 10 minutes exposure to a free 
available residual chlorine. Figure 7 presents 100 per 
cent kill curves for chlorination as submitted by 
Butterfield. 



CHLORINE RESIDUAL DETERMINATION 

There are a number of methods available for 
determining chlorine residual in water. Four common 
methods are: 

Orthotolidine (OT) 
Starch iodide 
Pal in (DPD method) 
Amperometric titration 

The simplicity of the orthotolidine test (OT) 
has lead to its general use at water works plants. Even 
when a water treatment plant is equipped with newer ampero- 
metric titration facilities, check control is usually 
maintained with the OT method, A four point procedure 
for performing the OT test is: 

I. Draw sample of chlorinated water. The tap should be 
kept running continuously or for a few minutes before 
taking the sample. When sample is collected adjacent 
to a hypochlorinator application point, a large volume 
sample should be collected over a number of injection 
cycles. 
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2. Allow sample to stand for 15 minutes to simulate the 
required minimum contact period. 

3. Use 0.5 ml of orthotolidine (OT) reagent in 10 ml cells, 
0.75 in 15 ml cells, and five ml in 100 ml tubes. Place 
reagent in testing tube; add sample to required volume; 
and mix. When the temperature of the sample is less 
than 68°F bring it to that temperature quickly after 
mixing with the OT. 

4. A colour comparison is made when the maximum colour 
develops « 

The above procedure is satisfactory for determining 
the total available chlorine residual. When the free residual 
is required the sample must be near 32°F when the OT is added 
and the colour comparison is made immediately. The orthotolidine- 
arsenite (O.ToA.) test can also be used to determine the free 
available chlorine residual. 

The starch iodide method of residual determination 
may be used at sewage treatment plant and also for chlorine 
concentrations greater than that generally encountered in 
water works operation. The Palin method, although not 
generally used, can determine the free residual without 
refrigeration and cooling. Lack of sensitivity at lower 
residuals and reagent problems may be restricting factors. 

The amperometric titration method of residual 
determination is to be preferred when complex chlorination 
programmes are adopted. With this method the free and 
total available residuals may be determined at any water 
temperature without refrigeration or warming procedures. 
With the need for continuous residual monitoring, to 
ensure the 100 per cent effectiveness of the chlorination 
process, the related chlorine residual recorder is becoming 
more important. 
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Relative amounts of HOCI and DC I 
present at various pH values 
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Figure 2 

Variation of oxidation potential of solutions 
containing different compounds of chlorine 
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Relationship between NH2CI, NHCI2J and pH 

(a) Initial chlorine to ammonia weight ratio 5:1 

(b) Initial CI2/N weight ratio 2,6:1 contact period 10 mins, 

(c) Initial CI2/N weight ratio 5:1 contact period 10 inins. 
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ALGAE AHD OTHER INTERFERJEHCE ORGANISMS IN 
WATER SUPPLIES 

M. F. P. Michalskl, Biologist 

Division of Laboratories 



WHAT ARE ALGAE ? 

Algae are plants just as trees and grass are plants*, 
They are green, they manufacture their food in the form of 
starches or oils by using the energy of sunlight and the 
nutrients they extract from the water» In the classification 
of plants, they are considered to be the most primitive groups, 
and some of the algal forms conmionly found in water supplies 
are thought to be similar to the first life on earth. They 
are considered primitive because each cell is capable of 
carrying out the complete life history as no specialization 
has been developed into various tissues such as are found in 
the higher plants (stems, roots, leaves, seeds) . All higher 
plants and animals are composed of millions of cells. Throughout 
the ages, certain cells of plants and animals have arranged 
themselves into specific organs (kidney, heart, liver, skin) 
which carry out a highly specialized function* In algae, each 
individual cell fulfils all such functions, i.eo excretion^ 
respiration and reproduction. 



VALUE OP ALGAE 



The waterworks operator often looks upon algae as 
purely a nuisance as it clogs filters, imparts tastes and odours 
to the water supply, and causes growths on reservoir walls. 
However, a number of beneficial aspects of algae can be cited. 

Algae are the basis of all life in water. On land, 
grass feeds the rabbit which in turn is eaten by the fox and 
while the fox does not eat grass, there would be no foxes if 
there were no grass. This is called the food chain and the 
basis of the food chain in water, is algae. Algae feed minute 
animals which in turn provide the food for pickerel. Thus, if 
there were no algae, there would be no pickerel. It can be 
demonstrated that fish production in a lake varies directly with 
the amount of algae that the lake produces. 

Algae provide food for man. Algal forms contain 
protein, carbohydrates, fats, vitamins and inorganic substances. 
Some 25 - 30 different species of algae are eaten by the Japanese. 
Similarly, food for waterfowl is provided by algae s 
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Man is currently controlling planlctonic types to accomplish 
work. Algae, through their photosynthetic activities are able to 
convert inorganic compounds into organic compounds and oxygen. The 
generation of this oxygen may be utilized in the stabilization of 
waste waters in oxidation ponds. The provision of oxygen by aquatic 
plants and algae plays an essential role in the purification of 
streams, rivers and lakes. An oxygen balance is essential for 
fish life and helps in maintaining a suitable environment for the 
productivity of fish food organisms. 

Some algal forms may be used as indicators of pollution 
as certain species are either extremely sensitive or resistant to 
various types of pollutants. 

Certain algae and aquatxc plants keep the water temperature 
low by their shading effect. The green alga Chara is responsible 
for keeping water temperature low enough to allow trout to be 
s-pported in many farm ponds in southern Ontario. 

Because of the relatively simple structure and nutritive 
requirements, many of the algal forms are ideally suited for 
research projects. When the first men start making long-distance 
*rips into space, the food they probably will consume will be 
algae grown in the space capsule. 

A few blue-green algae (Anabaena, Gloeocapsa and Nostoc ) 
are able to fix atmospheric nitrogen. fHis process is essential 
in the growing of certain crops such as rice. 

SIZE AND DISTRIBUTION 



There are several thousand different species of algae that 
live in the waters of Ontario. These range in sizes from a plant 
as moch as four feet tall down to cells which are so small that 
they can barely be seen when magnified a thousand times by a 
microscope. Algae live in oceans, lakes and rivers, down to a 
depth where the light can penetrate, and in some instances even 
below the euphotic zone (illuminated upper water layer) . Also, 
they live on the damp soil on the face of glaciers, and in combination 
with fungi to produce the lichens we are all familiar with. 

GROWTH REQUIREMENTS 

Algae are very specific in their needs. The types that 
are characteristic of lakes are seldom found in streams and those 
which populate a lake in summer give way to other forms in winter. 
Some species can only live in very pure water and others are 
obligated to polluted situations and even sometimes to a particular 
type of pollution. 

Factors governing the type and number of algae are 
environmental (i.e. temperature, available light, diffusion currents 
etc./ and nutritional (i.e. phosphorus, nitrogen, manganese, iron^ 
pH,etCo). No two species of algae have exactly the same requirements. 
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SIGNIFICANCE AND INTERPRETATION OF ALGAE 

Algae are normal and constant inhabitants of nearly all 
natural surface waters. Wherever algae grow, there too will be 
found bacteria, fungi, and various animalso These different 
organisms interact in the open waters to carry on a chain of life. 
The algae as green plants use the dissolved solids (nutrient 
minerals) , water and carbon dioxide to grow and reproduce, Bacreria 
and animals feed on the dead or live organic algae. The bacteria 
in turn die, and their bodies are broken down, thus eventually 
returning the elements to the mineral conditions. If any part 
of this cycle were to be elijuinated or altered, the resulting water 
might contain materials that would cause tastes and odours, or be 
otherwise undesireable as a water supply. 

The more frequently observations on a raw water source are 
made, the greater the likelihood of noting the beginning of increased 
algal populations. Counts may vary a few hundred areal standard 
units per millilitre for an extended period, then increase 
perceptibly to a few thousand areal standard units per millilitre 
within three to four days. (One areal standard unit is the 
equivalent value of an areal value of 400 square microns) . Such 
increases may result from growth stimulated by a change in the weathei 
by an increase of nutrients from sewage effluents, land drainage, 
precipitation, or applied fertilxzers ; or from planktonic masses 
drifting out from adjacent fertile tributaries. 

Excessive numbers of one algal type may cause no end of 
trouble in the water treatment plants. It is therefore important 
for the plant operator to know what is in the water. No specific 
rules can be set down which will account for all local circumstances 
and it would be misleading to quote a number of plankton counts and 
imply that the consequences of each would always be the same. 

Water works operators can learn a great deal about the 
general quality of the water by an examination of the phytoplankton 
populations. Certain generalizations can be made* 

(a) Severely polluted, warm or hard waters tend to encourage 
blue-green algal forms . 

(b) Cold, clear waters generally favour diatoms. 

(c) Green algae tend to be abundant during spring and late 
fall seasons. 

Thus, one of the great benefits that can result from a 
systematic programme of phytoplankton counting is to predict 
expected "blooms". 
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ALGAE PROBLEMS IN THE WATER SUPPLY SYSTEM 

The operator can be faced with problems created by algae 
of several kinds. In all cases, they result from an overabundance, 
b;:t the nuiabers required to create this difficulty will vary. 

Filter Clogging 

The reduction of filter runs, caused by the coating on 
the surface of the filters with large numbers of these minute plants 
Ls probably the most common and serious problem that algae create 
for waterworks operators. Certain waters at certain times of the 
year produce a great abundance of the filter clogging species and 
under the worst conditions may reduce the production of water through 
a filter to a point where there is hardly sufficient water to bacK.- 
wash. The most common trouble makers in this regard are the diatoms 
As ter ione 11a , Melosira , Synedra , Tabellaria , Fragilaria and 
St eph anod i sc u 3~ The rigid cell walls of these algae are highly 
silicified and not subject to decomposition^ Therefore j, even 
though the diatoms may die off rapidly on the surface of the filter, 
their silica walls remain to plug the pores in the sand„ It is 
difficult to make definite statements concerning the relationships 
between algal populations and filter clogging owing to varying 
biological, chemical and physical conditions and the efficiency of 
pre-f iltration processes. Generally speaking, when diatom levels 
frcm 2,000 - 2,500 a.s.u. per ml, are present, difficulties in 
maintaining normal filter runs may be anticipated,, Also, certain 
cf the summer blue-green algal forms s-jch as Oscillatori a and 
Aphanizomenon may develop in sufficient numbers to reduce filter 
Tunal A dramatic example of reduction in filter runs occurred in 
November of 1962 when the diatom Melosira temporarily affected 
nearly all water works between Hamilton and Kingston and the plant 
at. Scarborough was removed from service entirely for several days. 

Taste and Odour Production 

Algae are capable of producing tastes and odours that 
will persist through treatment and cause consumer complaints. 
Tastes and odours may be caused by a variety of ways. First, 
bacteriological doses of chlorine often rupture cell walls, thus 
expelling the cell contents into the water. Second, certain 
blue-green algae such as Anabaena, Aphanizomenon and Microcystis 
are well known for developing very foul "pig-pen" odours in water. 
These blue-green forms collect in large masses sufficient to form 
water- "blooms" « The foul odour probably develops from products 
of decomposition as the algae begin to die off in large nimbers. 
Third, some algal forms are capable of imparting metabolites to 
the water. These compounds, either alone or in combination with 
other organic compounds, have the ability to produce tastes and 
odcurs. 

In recent years, a number of small northern Ontario 
lakes i^Apsey Lake, near Espanola, Clarke Lake near Bancroft, Turner 
Lake near Cache Bay and Gull Lake near Kirkland Lake) have supported 
one or more species of odour-producing flagellated algae including 



Synura , Trachelomonas , Peridinium ^ Dinobryon and Ceratimn. These 
lakes do not appear to be enriched either on the basis of their 
chemical and physical attributes or their level of primary 
productivity. Nonetheless, these lakes have been rendered 
periodically unpalatable because of the presence of small numbers 
of one or more flagellated apecieso 

Often tastes and odours jare the result of decomposition 
products of rooted aquatic ve*getationo Raw water supplies that 
come from shallow, weedy lakes almost invariably have a continuous 
or intermittent problem with tastes and odours. This problem 
is usually most acute late in the fall when the ice-cover has just 
formed and again in the spring at the time of break-up of ice-cover. 

The nature of odours vary with the types and levels of 
algae present in the water. The various odours have been described 
as weedy, fishy, cucumber, grassy, etCo The diatcans Frag il aria , 
Asterionella , Synedra , Melosira , Tabellaria and Stephanodiscus ^ 
have been known to affect the palatability of the water when levels 
exceed 2,000 aoS.u. per ml. In contrast, Co M. Palmer in a recent 
publication reported that a cucumber-like odour was produced at 
Charlottesville, Virginia with only 48 a.s.u, per ml. of Synura . 

Growths in Reservoirs 

A third common problem that algae create in a water works 
operation is growths in reservoirs* Here the algae may grow 
attached to the walls where they form a heavy mass of material. 
This algal mass may be alive with crustaceans and insect larvae. 
Occasionally, one of these little animals may come through the 
taps and shake the confidence of the consumer in the purity of the 
supply. Algal growths in the reservoir may be of a free-floating 
type. These growths may impart tastes to the water. Probably 
the most coisaion algae causing difficulty in reservoirs is one of 
the larger species called Char a . This algae grows to a height of 
two or three feet in a soft mud bottom and is typical of the cold, 
hard water cOTamonly found in spring water sources. Where such 
water is collected and stored in an open reservoir this algae 
invariably grows and is difficult to control. 

CONTROLLING ALGAE 



There are two basic means of controlling algae and 
solving the problems that they create; one, by controlling the 
environment in such a way as to make it an unsuitable place for 
them to live, and two, by treatment practices = The latter method 
is less satisfactory in the long run as it necessitates adding 
chemicals that are costly on either a continuous or intermittent 
basis. Controlling the environment is a more satisfactory means, 
though this is not always possible. 
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Environmental Control 

The best method of this type of control xs by selecting 
the best possible source of supply. A deep, cold lake rather than 
a shallow, warm productive lake should be chosen. In choosing a 
new supply care should be taken to utilize water of low fertility 
as judged by chemical analyses and the algae population that it 
maintains. Routine biological and chemical samples should be 
obtained for at least one year previous to the installation of any 
water works facilities. Limnologists would then be able to 
determine the numbers and kinds of algae present and assess the 
suitability of the water. Where the municipality controls the land 
ad^jacent to the supply, care should be taken to keep out surface 
drainage and other possible nutrient sources. Run-off from buildings, 
domestic sewage and certain industrial wastes are rich in plant 
nutrients and should be avoided as only small eimounts of these 
fertilizing substances can induce the development of high algae 
populations. 

Another aspect of environmental control is to exclude the 
light by covering pre- and post- treatment reservoirs. The easiest 
method is simply to cover the reservoir, although this is often not 
done and algae problems continue year after year. This may be 
achieved by a permanent cover such as concrete or a black plastic 
sheet spread over the reservoir. While the latter method has not 
been used, it would be effective in excluding light and be relatively 
inexpensive to apply. A second method of reducing light in pre- 
treatment reservoirs is to use activated carbon to induce an 
artificial turbidity. While this is only a temporary measure and 
w:.i8t be repeated every four days, it has the added advantage of 
absorbing taste and odours from water wh\Lle m suspension and 
keeping the bottom accumulation sweet. Carbon can only be used in 
the raw water where the treatment includes complete filtration. 

Treatment Practices 

(a) Control of Filter Clogging Algae 

The obvious way to solve the problem of short filter runs 
is to remove the algae before they get to the filter. The common 
method of removing algae from raw water is the use of settling 
basins which may follow flocculation and pre-chlorination. Micro- 
strainers are also being used to remove the algae before the water 
is filtered. A third method is to apply algicides to the raw water 
and thus remove them before t\ie water enters the plant. 

The principle of removing algae by flocculation and 
sedimentation involves trapping the algal cell in the alum floe and 
carrying it to the bottom with other unwanted solids. When algae 
populations are very high they often hold the floe m suspension 
long enough for it to pass through the settling basins and onto the 
filters. This floe and the algae can be. settled if weight cari, be 
added to the floe. A slurry of ordinary clay mixed and fed during 
the periods of difficult times will do much to get the operator 
over a short-term period of difficulty. By increasing the 
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dosages of alum and heavier pre-chlorination you may assist ir. 
alleviating short filter runs. 

(b) Chemical control 

While there are many algicides sold today, only two are 
suitable for use in a domestic water supply neunely copper sulphate 
and chlorine. The cheapness and availability of copper sulphate 
and its safety from a public health standpoint make it the most 
satisfactory chemical to use. The effectiveness of copper sulphate 
varies somewhat with the chemical composition of the water. In 
hard water the copper precipitates rapidly thus, more is required 
than in soft water. As a rule of thumb .26 ppm will kill most 
algal forms although a dosage of .5 ppm is required for some forms. 
Copper sulphate is very toxic to fish and about 1 ppm is about all 
they will stand. copper sulphate is sold in a variety of crystal 
sizes. The method of application varies with the grade of crystal 
used. In general, the finest crystals may be distributed on the 
surface of the water as they will immediately dissolve. Larger 
sized crystals may be dissolved in water and pumped as a spray or 
they may be put in a burlap bag and towed through the water in 
such a way as to provide an even distribution of the calculated 
amount of the chemical over the entire surface of the reservoir. 
The operator must know the depth of water as he applies the chemical 
and sees that the deeper water gets proportionally more chemical 
than the shallow areas. 

In applying chlorine, a rough calculation must be made 
of the volume of water being treated and the pounds of chlorine 
required to satisfy the demand and still provide a residual of 
1 ppm. The calculation is used as an initial guide, then followed 
by chlorine tests to provide the final adjustments. A similar 
calculation must be made for determining the amount of copper 
sulphate but more care must be exercised as no simple test can be 
used as a guide. To do this, the surface area of the water to be 
treated must be obtained together with the average depth of the 
water. Vfhen multiplied these two figures give the volume of 
water in cubic feet. The total number of pounds of water may then 
be calculated by multiplying the volume by 62.5. As one part per 
million (ppm) equals 1 pound per million pounds of water, the 
treatment of a reservoir with .5 ppm would require one half pound 
for each million pounds of water. 

Area x average depth x 62.5 = lbs. of water in reservoir 

1 ppm = 1 lb. per million lbs. of w^ter 

The ideal time to apply chemicals is when the algae 
population is rising but before the condition becomes acute. If 
treatment is postponed until a very dense growth of algae occurs the 
sudden killing of this material and the subsequent decomposition 
may remove all the oxygen from the water causing it to go septic, 
kill the fish, and become foul^tasting. If the condition gets out 
of hand before treatment can be applied, half the reservoir should 
be treated first to reduce the population; after a week or so has 
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been allowed for this material to decompose, the total reservoir 
area can then be treated. 

(c) Microstraining 

Microstraining as a method of water treatment was 
introduced in Ontario about 9 or 10 years ago. There are about 
6 installations operating on municipal water supplies. The 
development of this means of filtration was made possible by the 
invention of an extremely fine wire mesh capable of removing such 
small particles as algae from the water and yet capable of passing 
high volumes of water. The principle of the microstrainer is 
simply a rotary screen where the raw water is fed to the inside and 
flows out through the screen material. The drum is about three 
quarters immersed and as it turns around, a jet of water is played 
on the surface of the screen and knocks down the accumulated solids 
and algae into a hopper and from there are carried to waste. 

In water treatment the microstrainer has two uses: 

(a) as pre-treatment for algae removal ahead of 
conventional sand filters, 

(b) as sole treatment for waters for the removal 
of algae and other extraneous material where 
turbidity is not a problem. 

Microstrainers have proven very effective in extending 
the operating time of conventional sand filters during times of 
heavy algae "blooms". In one instance, runs of not less than 
20 hours have been obtained where previously 6-hour runs in summer 
were not uncommon and as little as two hours were experienced. 
Where a microstrainer is used as a sole means of water treatment 
it should never be installed with the thought of reducing turbidity. 
Where it has been used solely for the removal of algae and the 
protection against the variety of water fleas, insect larvae, leeches 
and aquatic worms, that commonly pass through unprotected water 
supplies, it has been found to be very satisfactory. 

(d) Control of Algae-Caused Tastes and Odours 

Two methods are commonly used in controlling tastes and 
odours; one, the feeding of activated carbon and two, variations 
in the method of chlorination. Activated carbon is the only sure 
method of taste removal, but this on a continuous basis is somewhat 
expensive. Also, this method is somewhat messy. Another method 
of controlling tastes and odours is to alter the method of 
chlorination. Super-chlorination or break-point chlorination may 
be helpful. These methods must be tested as the algae may be 
killed leaving the decomposition products to make conditions worse. 
The use of chlorine dioxide or chloramine at various points of 
application in the plant may assist in controlling tastes and odours 
but this is an individual problem within each water works and can 
only be determined through experimentation. 
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WATER MAIN INFESTATIONS 

While water main infestations do not necessarily come 
under the title of this section, there has been considerable interest 
in this matter in recent years, and so perhaps a little of the fact 
and fiction should be separated. It is probable that most if not 
all water distribution systems contain living organisms of some kind. 
A brief survey of the literature indicates the wide variety of 
animals that have caused difficulty from time to time. These have 
included nematodes, aquatic earth worms, snails, clams, a variety 
of aquatic insect larvae, leeches, Gordian or horse hair worms, 
Daphnia or water fleas, etc. Many of these have occurred in 
municipal supplies having complete treatment of flocculation and 
sand filtration. The method of entering the distribution system 
often remains a mystery though in many cases it is thought that 
the minute egg passes through the sand bed and develops subsequently 
in the distribution system. This problem is not more widespread 
because the inside of a water main is relatively clean so that food 
is available only in very limited quantities. In some cases the 
life cycle cannot be completed entirely under water so that insects 
such as blood worms cannot reproduce in the water main. 

Nematodes or roundworms 

These are very small animals barely visible to the human 
eye. Some authorities consider them to be the most numerous 
animals on the earth as they are found m the soil, on lake bottoms, 
along the shores, in sewage sludge and in fact in almost any sample 
of earth. In view of their great numbers, it is not surprising 
that a few of them find their way into water distribution systems. 
Here they are able to subsist on the thin coating of slimes lining 
the water main and in organic depositions in low flow sections of 
the distribution system. 

In this country. Nematodes have no public health signifi- 
cance; they carry no diseases, and are not human parasites. 
Although it is not likely known, many Nematodes are consumed by an 
individual every year in raw fruits, salads, vinegar and perhaps 
even in his drinking water. They are quite resistant to 
chlorination and the levels normally applied for the control of 
pathogenic bacteria are not sufficient to kill Nematodes. In th^s 
respect, we are fortunate as this climate controls some species that 
are a serious hmnan problem in the Middle East and Asia. 

Control of Infestation 

As most of the organisms that inhabit water mains are 
resistant to normal water works sterilization procedures and as 
no chemicals are suitable for adding to water to control this type 
of nuisance organism, good housekeeping is the only effective 
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control. As much as possible of the organic material should be 
kept from the water mains. This is best accomplished through 
chemical precipitation and sand filtration. In laying water 
mains, low flow areas should be eliminated as much as possible, 
as they provide a refuge. Where dead ends occur in the system, 
they should be flushed routinely. In this way, it will be 
possible to maintain the confidence of the consumer in the 
products that you deliver. 

CONCLUSION 

This lecture has only touched very lightly on the high 
spots of this subject. Future courses will provide further and 
more detailed information. In the meantime, for those interested 
in learning more of this subject, a book recently published by 
the United States Public Health Service is well worth your reading 
and cannot be too highly recommended. The title is Algae in 
Water Supplies, by Mervin C. Palmer „ It is available from the 
Superintendent of Documents, U» So Government Printing Office, 
Washington 25, D.C. for the price of $1.00. 

As the operator can hardly be expected to be a competent 
Biologist, Chemist, mechanic and gardener, problems in the 
identification of unknown organisms arise from time to time. It 
is the intention of this laboratory and certainly the Biology Branch 
to assist wherever possible. In this regard, consultative and 
identification services are available and provided to the limit 
of the capabilities of our small staff. If specimens such as 
insects, algae, etc., are to be sent for identification, it is 
important that they be preserved. Formaldehyde is cheap and 
effective and can be purchased from any drug store. If the 
sample is put in a solution of about 5% formaldehyde and 95% 
water, it will be assured of arriving in good condition. 
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DISINFECTION OF WATER SYSTEMS AND APPURTENANCES 
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GENERAL 

The installation of new water mains and equipment 
or the repair of broken mains and appurtenances may lead to 
contamination of a water supply if an adequate disinfection 
programme is not undertaken. Such a programme must include 
precautionary construction practices, suitable flushing and 
chlorination of the affected portion of the system, and 
bacteriological testing to determine the adequacy of the 
disinfection programme. 

Not only is disinfection employed to protect the 
health of the consumer but it is also required to prevent 
the growth in the system of various water-borne nuisance 
organisms. Thus, although disinfection is carried out 
primarily for the destruction of disease-causing bacteria, 
it is also used for the elimination of non-pathogenic 
micro-organisms which can cause colour j taste and odour 
problems e 



DISINFECTION OF NEW MAINS AND APPURTENANCES 

1.1 Preliminary Precautions 

The effectiveness of disinfection depends to a 
large extent upon keeping pipes and appurtenances free of 
dirt and foreign material during construction. Caked^on 
material will generally not be removed during flushing 
operations. Subsequent chlorination then becomes ineffective 
since chlorine is considered to be a surface contact dis- 
infectant. 

Since pipes awaiting installation at the job-site 
may accumulate debris and dirt these should be visually 
inspected. 
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andj, if necessary, cleaned prior to lowering into the trench. 
In some cases the inside of the pipe may have to be swabbed 
with a strong chlorine solution applied to a mop -head pulled 
with a cord through the pipe. It may become necessary in 
some instances to cover both ends of a pipe before lowering 
it into a trench to ensure that it does not pick up earth 
from the trench walls. The ends of the pipe should be checked 
and cleaned before final coupling., If ground water is a 
problem in the trench, a water tight plug should be Inserted 
in the pipe end immediately. Ground water will carry mud 
and it may be contaminated by sewage from severed laterals. 
A plug should also be used in the last laid section of pipe 
during any unattended period to prevent entry of small 
animals or foreign material such as gravel, metal fittings j, 
sticks , or packing. 

Appurtenances such as valves, meters and corporation 
cocks should be kept packaged and clean until ready for use. 
These may be disinfected immediately prior to installation by 
thoroughly cleaning all surfaces and brushing on a one per- 
cent chlorine solution. Meter parts should not be overly 
exposed to strong chlorine solutions. 

1.2 Flushing 

Flushing of a water main should be carried out only 
after the pressure tests have been made and the pipeline found 
acceptable. The pipeline should be thoroughly flushed through 
hydrants or specially installed taps to develop velocities 
of at least 2.5 feet per second. Hydrants or flush out valves 
must be installed at the ends of mains to facilitate flushing 
of dead-end sections. The following table indicates the size 
of opening required and the flow involved at 40 psi pressure 
to ensure the provision of the minimum flushing velocity. 
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Table No, 1 
Required Opening Size for Minimum 2,5 fps Flushing Velocity 



iPipe Diameter 


Flow 


Opening Size 


(inches) 


(gpm) 


(inches) 


4 


100 


15/16 


6 


220 


1 - 3/18 


8 


390 


1 - 7/18 


10 


610 


2 = 5/16 


12 


880 


2 - 13/16 


14 


1200 


3 - 1/4 


16 


1565 


3 = 5/8 



It can be seen from Table Noo 1 that adequate flushing 
velocities may not be attainable in mains over 16 inches in 
diameter. For this reason extra precautions should be taken 
to ensure that large pipes are absolutely free of dirt and 
debris during construction. 

The procedure for flushing requires that hydrants 
and special taps be opened in order starting from the feed 
source and gradually working out towards dead°endso The 
interconnecting gate valve controlling flow from the system 
should be released only after the first hydrant valve has been 
openedo Flushing must be a continuous operation until 
completed when the final hydrant and interconnecting gate valves 
are closed simultaneously. This procedure avoids the 
possibility of unchlorinated water flowing back into the 
feed main and carrying contamination into the potable water 
supply. 

1.3 Chlorination 



There are several sources of chlorine available and 
various methods of application for the disinfection of water= 
mains o While gas chlorination is the most economical its 
application is generally limited to new water works systems. 
The development of direct -mounted chlorinators, however, 
could increase the use of gas systems for watermain dis- 
infection in the future. Other types of chlorine include 
70 per cent H.T.H. (calcium hypochlorite) powder or tablets » 
and liquid sodium hypochlorite at 15, 12, and 6 per cents 
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available chlorine. There are advantages and disadvantages 
to the use of each. 

Powder and tablets are the simplest to use„ being 
deposited in each pipe lengths However their use has the 
disadvantage that the system cannot be thoroughly flushed 
prior to chlorination, and there is a lack of control on 
concentration and mixing of the chemical. Many tablet 
adhesives have been found inadequate to hold the tablets in 
place during flushing. As a result they are often flushed 
out or carried to the ends of the lines before dissolving, 
A turther disadvantage is that when water temperatures are 
below 41°Fo the slow dissolving rate of the tablets precludes 
their use. 

Powder may of course be dissolved in solution and 
injected as a liquid hypochlorite solution manually or 
through the use of a small positive displacement pump. The 
latter is more desirable as it provides steady dosing of the 
water entering the new mains. The preferred point of chlorine 
application is near the beginning of the main extension through 
a corporation cock installed in the top of the main. Ihe 
chlorine dispensing apparatus should be located close to and 
on the downstream side of the interconnecting gate valve 
controlling flow into the new mains. The procedure for 
manipulating valves is similar to that used for flushing, 
■nils prevents a back=flow of highly chlorinated water from 
entering the potable water supply. 

The highly chlorinated water must be retained in the 
mains for a period of at least 24 hours and produce a 
minimum 10 ppm available chlorine residual at the end of that 
time. This will generally require a starting residual of -at 
least 50 ppm. This matter is currently under review by a 
committee of the AWWA which is considering an increased dosage 
to produce a 25 ppm available chlorine residual after 24 hours. 
Apparently the relatively small increase in cost for additional 
chlorine, in some cases, more than offsets cost by delays 
wtilch result when flushing and chlorination procedures must 
be repeated because of unsatisfactory disinfection. 

The amounts of gaseous, powdered or liquid chlorine 
required to produce a 50 ppm chlorine dosage may be 
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calculated for any section of watermain. The following 
sample calculations are for one mile of 8 inch watermain 
wtjich will hold 11,500 Inip„ gallons (loG. ) of water. 

Table No, 2 

Chloride Requirement Sample Calculations 



A. Chlorine Gas Required (consider 100% effective) 

50 ppm X 11,500 loGo x 10 Ibo x _1 - 5,75 lb, gaseous 

I. Go 10^ chlorine 

B. 70% HTH Required (consider 75% effective) 

= 5,75 lb. chlorine = 11,0 lb, of 70% HTH 
0o70 X 0.75 

C. 157o Sodium Hypochlorite Required (consider 757. effective) 

- 5.75 Ibo chlorine x 1 =• 5,12 loG. of 15% Solution 
0ol5 x 0.75 10 lb„ 

Xs Ga 



Similar calculations can be carried out for 12 and 6 per cent 
sodium hypochlorite solutions both of which should be calculated 
considering only 75 per cent effective available chlorine. The 
chlorine residual should be checked at each hydrant or special 
flushing tap and the 50 ppm residual assured prior to closing 
the valve at that point. For this purpose litmus paper or 
orthotolidine testing solution may be used. The orthotolidine 
test will produce a solution with a deep yellow<=orange colour. 
The exact chlorine residual may be determined by diluting 
the solution with chlorine-free water to a level where a 
colour comparator can be used. After 24 hours the chlorine 
residuals should again be determined. 

1.4 Bacteriological Testing 

Following the required retention period the highly 
chlorinated water shall be completely flushed from the 
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treated main at its extremities until the replacement water 
throughout its length has a chlorine residual comparable 
to the potable water in the supply system. Only then should 
bacteriological samples be obtained from various outlets 
along the new main. Should these samples prove to be bacterio- 
logically satisfactory, then the new main may be placed into 
service. However, in the event that these results are adverse, 
then the disinfection programme must be repeated until 
satisfactory results are obtained. 



DISINFECTION OF OTHER EQUIPMENT 

2, 1 Reservoirs arid Storage Tanks 

As with watermains, reservoirs and storage tanks 
must be thoroughly cleaned before disinfection is attempted. 
All dirt, scale, loose paint, and other material must be 
removed. This may require cleaning down the walls and floor 
using a steel brush. 

Disinfection can be accomplished by spraying a 
strong 250 ppm chlorine solution on cleaned surfaces from a 
portable back-pack or other mechanical spray unito Caution 
must be exercised in using this method as chlorine fumes are 
toxic. The reservoir or storage tank should be adequately 
ventilated before entering, with the worker wearing protective 
clothing and goggles ard utilizing an air mask with a bottled 
or outside source of air supply. A second worker, with 
protective mask readily available, should be stationed out- 
side the tank or reservoir within sight of the inside worker 
in case of emergency. 

A second method of disinfection which is satis- 
factory for small tanks requires the filling of the tank with 
a 50 ppm chlorine solution. All air must be removed from 
pressure tanks while filling with chlorine solution to ensure 
contact of the chlorine with all inside surfaces. As with 
watermain disinfection, a minimum 10 ppm chlorine residual 
should be present after a 24 hour retention time* In an un- 
pressurized tank the wall surfaces and ceiling, above the 
water line, should be flushed with a strong chlorine solution. 
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Bacteriological samples should be taken only after 
the disinfecting solution has been fully removed and the 
chlorine residual in the tank the same as that in the supply 
system. If bacteriological results are satisfactory then 
the facility may be placed in operation; if not then the 
disinfecting procedures must be repeated. 

2. 2 Wells and Equipment 

Since most well water is not chlorinated on a 
routine basis , primary disinfection is very important. All 
equipment contacting potable water,, such as pumps, casings,, 
drop pipes and other well appurtenances , must be thoroughly 
disinfected prior to being placed in service. 

Before installing drop pipe and pump remove all 
surface mud and debris. Vflien the pump is installed apply a 
chlorine solution to obtain a 50 ppm chlorine residual in 
the well. Then operate the pump in order to obtain a strong 
residual at the end of the newly constructed distribution 
feed line. Where a long feed line is involved, the chlorine 
should be added slowly and continuously to the well. The 
highly chlorinated water should be retained in the well and 
distribution feed line for a 24 hour period. Where possible 
some of the heavily chlorinated water should be returned 
back down the well between the casing and the drop pipe 
during the first 30 minutes of pumping in order to wash down 
and disinfect the inside of the casing. 

After all disinfection water has been removed from 
the well and distribution feed line, samples should be 
obtained for bacteriological analyses. Adverse bacterio- 
logical results should be followed by a repeat of the 
disinfection procedures. Continued adverse results may be 
attributed to ground water contamination in \^ich case 
continuous chlorination of the supply will be required. 
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DISINFECTION OF REPAIRED MAINS AND APPURTENANCES 

3. 1 Major Repairs and Planned Connections 

Leaks and breaks in existing mains may occur at 
any location in a system. Major repairs and the planned 
installation of valves and other appurtenances in an old 
system will require partial or total dewatering of the 
affected section of watermaino The locations of existing 
valves and hydrants relative to the repair work will 
dictate the particular approach to disinfecting that 
particular section of main. 

Whether the old main is opened by accident or 
design, the excavation is always wet and frequently badly 
contaminated. Thus the likelihood of serious contamination 
must always be considered in planning proper disinfection 
procedures. Because there is always a certain amount of 
urgency involved in putting an old main back into service, 
the importance of the service rendered by the main will be 
a determining factor in establishing the methods of dis- 
infection which are to be fcllowedo 

Where sections of old pipe must be replaced or 
new appurtenances installedj, the excavated trench must be 
kept in a dry condition while installation is underwayo 
Construction precautions should be similar to those employed 
in the installation of new mains. The interior of each 
replacement pipe should be swabbed with a strong chlorine 
solution. Valves, fittings and other appurtenances should 
be washed with one per cent chlorine solution Immediately 
prici to installation. 

Ideally the Isolated section of main should be 
thoroughly flushed and chlorine added tc produce a minimum 
50 ppm chlorine solution. At least a 10 ppm chlorine residual 
should be present in the affected section after 24 hours of 
contact time. Flushing and chlorination through existing 
hydrants is most convenient but in some cases it may be 
necessary to install a special flushing tap which may also 
be used for introducing chlorine. In all cases the chlorine 
shall be applied in such a way as to ensure that a high 
concentration reaches every part of the isolated section of 
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main. Bacteriological testing and resultant acceptance or 
rejection for service will dictate the need for re- 
disinfectiono Adequate initial chlorination can 
significantly reduce the chance of inadequate dlsinfecticno 

3.2 Minor Leaks and Repairs 

Many minor leaks may be successfully repaired 
through the use of clamping devices and repair sleeves. 
Often the repairs are carried out while the mains continue 
to supply water under pressure. The leak or break should be 
fully exposed and cleaned of dirt and other contaminants 
before repair « In addition, the gasket which comes in contact 
with the break should be thoroughly disinfected with a strong 
chlorine solution inunediately before it Is clamped to the 
maino Following completion of repaii-s the system in the 
vicinity of the leak should be sampled for bacteriological 
contaminantSo A clean repair job is essential for keeping 
contamination out of the systemo 



DISINFECTION FOR SYSTEM PROBLEMS 

4, 1 Types of Problems 

Disinfection of a water systerp cr operating equip- 
ment is required when adverse bacteriological tests show the 
presence of collform bacteria,, the usual indicator of 
contamination^ This may be the result of water system con- 
struction or repair activitieso On the other hand disinfection 
may be necessitated to combat colour,, taste and odour problems 
which develop due to the presence of nuisance organisms in 
the system; such are the iron bacteria and sulphur reducing 
bacteria. By maintaining a chlorine residual in the 
distribution system these non=pathogenic slime-forming 
organisms can be controlled. 

The common Iron bacteria 5 Gall lone 11a . Leptothrix 
and Crenothrix are pipeline growths \^ich derive their 
energy from the oxidation of ferrous iron. The resultant 
growth is a mesh of threads encased in a sliosy sheath which 
traps and holds Insoluble oxidized iron as well as other 
organic and inorganic solids. It is Interesting to note that 
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the growth of Gal Hone 11a is favoured in cold waters while 
Leptothrix and Crenothrix thrive in warmer waters. Sudden 
flow reversals or velocity changes in the mains can disturb 
settled iron precipitate and break loose varying quantities 
of iron bacteria for discharge. While "red water" conditions 
are not necessarily accompanied by the presence of iron 
bacteria their existence may intensify the colour and taste 
problems. 

In oxygen depleted water, many of the lower bacteria 
are capable of reducing sulphur to the odourous hydrogen 
sulphide. One particular species grows best in warm, sulphate- 
bearing waters and might be found in abundance in dead-end 
mains and in the bottom of hot water tankSo Where sulphides 
are formed a black sediment and offensive odours are very 
evident. 

Where colour, taste and odour/ problems, of the 
types related to iron and sulphur j are found in a system then 
samples should be examined under laboratory conditions for 
the presence of iron and sulphur reducing bacteriao It should 
be stressed that disinfection is intended to rid the system 
of these nuisance organisms and not to remove iron from the 
water supply. The use of disinfection to control these 
bacteria is governed by the necessity for maintaining a high 
enough chlorine residual to reach the infected area while, 
at the same time, not causing serious chlorine taste problems* 
To be effective, chlorination must be accompanied by an 
adequate flushing programme, 

4. 2 Disinfection of Small Chlorinated Systems 

Where a water works system is equipped with 
chlorination facilities at the source, the distribution system 
or other appurtenances can be disinfected by increasing the 
chlorine residual leaving this source. The primary residual 
is raised to, say Oo 5 ppm^ and hydrant flushing is carried out 
to obtain some residual in the infected area. The dis- 
infection programme can be carried out for a few weeks or as 
bacteriological results indicate. Flushing may have to be 
repeated a number of times to maintain a residual in the 
infected area. It is noted that even trace residuals over a 
long period of time will be effective. 
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In urgent cases <, such as inhere serious collform 
contamination Is encounCered; higher chlorine residuals may 
be warrantedo 

4»3 Disinfection of Large Chlorinated Supplies 

In large distribution systems It may be difficult 
to maintain even a trace chlorine residual without having a 
very high residual at the source ,, and/or wasting excessive 
quantities of flushing watero The creation of a 
chloramlne residual is sometimes a solution,, The addition 
of one part ammonia to three parts chlorine will create this 
residual which will last longer than a free chlorine residual. 
However s, the disinfecting power of this combined residual is 
greatly reduced over that of a free chlorine residual. 
Therefore 3 this change should not be made without careful 
consideration as to its effect on the bacteriological quality 
of the treated water., 

When first attempting to blanket a large distri- 
bution system with a chlorine residual ;> taste problems may 
develop. Also» difficulty may be encountered xn blanketing 
the system with even a chloramlne residual. At first the 
oxidation and destruction of organic matter and various 
infestations will use up the applied higher residual ^ but 
after a time the taste problem should stop and the residual 
advance to the required areas. The end result will of course 
be a much cleaner distribution system. 

4.4 Disinfection of Unchlorlnated Supplies 

When a water works system is not equipped with 
permanent chlorination facllltiedy a temporary method must 
be devised for injecting the chlorine Into the infected parts. 
Batch addition of a chlorine solution or the installation of 
a chlorinator will be required. Generally the batch addition 
of chlorine solution is not to be recommended. Where a storage 
well is available, such as a spring reservoir ^ a simple drip 
arrangement may be devised for obtaining the necessary 
residual. Again the chlorine residual may be maintained at 
say 0,5 ppm at the nearest consumer. Frequent flushing may 
again be needed to maintain the required residual in the 
Infected area. 
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The disinfection of a distribution system serving 
an unchlorinated well supply may require the Installation of 
a hypochlorinator or gas chlorinator on a temporary or 
permanent basis. 
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SURFACE WATER SUPPLIES 
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SCOPE 

Surface water is that portion of water which appears 
on the surface of the earths It may occur as fresh water in 
streams, rivers and lakes or salt water as in James and Hudson 
bays. However, with the abundant supply of fresh water in Ontario 
there is little interest at this ttnte in salt water which requires 
costly desalinization treatment for domestic or most industrial 
uses. Extensive desalinization research programs are being 
conducted in other parts of the world where fresh water is not so. 
plentiful. 

The object of this presentation will be to review the 
source, quantity, quality and some associated problems relating to 
fresh surface water supplies. 



SOURCE 

Hydrologic Cycle 

The principle of the hydrologic cycle was presented in the 
lecture on ground water supplies. However, brief reference to the 
cycle will be made h«re as it applies to surface water supplies „ 

Atmospheric moisture reaches the earth's surface in the 
form of precipitation as rain, snow, hail or sleet. Precipitation, 
percolation, runoff and evaporation are stages in the hydrologic 
cycle which essentially operates in a closed system - the earth and 
its surrounding atmosphere. Of the water descending upon the earth, 
part falls directly upon water surfaces; part flows over the 
surface of the ground and finds its way into streams, rivers, oceans 
and other bodies of water; part is immediately returned to the 
atmosphere by evaporation from water surfaces, land surfaces, and 
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vegetation; 
water . 



and part percolates into the ground to become ground 



The water which flows over land surface and Into rivers, 
lakes, etc„ is known as runoff. Runoff may be derived directly 
from precipitation or from ground water seepage. 

Snow may evaporate to some extent but in temperate 
climates most of it remains to melt and run off in the spring, 
thereby contributing to spring runoff and surface water supplies. 



QUANTITY 

We have established that the source of our fresh water 
is due to precipitation. However, only a portion of this water 
is available to surface water supplies; the major portion being 
that due to runoff. 

There are significant variations in precipitation and 
runoff throughout Canada because of its many different climatic 
and geographical regions. Table 1 clearly illustrates these 
variations. 







TABLE 1 






Estimates of Annua] 


. Precipitation and 


Runoff for 






Settled 


Areas of Canada (1) 








Precipitation 
(inches) 


Runoff 




Region 


Percent of 
Precipitation 


Depth in 
inches . 


Ratio to 
Canadian 






Average 


Canada 
Marl times 
Quebec 
Ontario 
Prairies 
West Coast 


28 
41 
38 
30 
16 
31 


48 
62 
39 
37 
17 
7i 


13 
26 
14 
11 
3 
24 


1.00 
1„95 
1.10 
0.85 
0.21 
1,85 


(1) Cass - Beggs, D. , 


"Water as a Basic Resource", 


Resources 



for Tomorrow. Ottawa: Queen's Printer, (1961) 



There are more concentrated areas vrtilch have precipita- 
tion from greater than 60 to only 16 Inches per year. 

The east and west coasts Indicate runoffs of 62 and 
78 percent respectively. In the settled areas of the west coast, 
the geology, steep-sloped terrain, high rainfall, low evaporation, 
rapid snow-melt, all combine to yield a high degree of runoff. 

The precipitation varies from 18 to 20 inches annually 
along the Ontario - Manitoba boundary to 38 inches at two or three 
locations in southern Ontario and 40 inches in the area immediately 
north of Sault Ste. Marie » The average annual precipitation in 
northern Ontario is approximately 28 Inches and in southern Ontario 
33 inches. Assuming an average annual precipitation for all of 
Ontario to be 30 inches, we can estimate the approximate amount 
of precipitation that falls in Ontario, annually. 

The total area of Ontario is 412,582 square miles of 
which 68,490 square miles, or 17 percent is water. If we use 
30 inches as the average annual precipitation, approximately 
180,000 billion gallons of fresh water fall on the province annually. 
This amounts to roughly 1.2 million gallons of water per day per 
square mile. 

A large proportion of this water is not available to man 
since some is returned to the atmosphere by evaporation from land 
and water surfaces and by transpiration from vegetation. Here 
again this amount varies with the location and is dependent upon 
such factors as temperature, nature of soil, vegetation, rate and 
frequency of precipitation, etc. We should be aware that although 
all of the precipitation cannot be used directly by man, some of 
it is serving a very useful purpose by supplying water to our 
gardens, lawns, crops and forests. 

If we assume that approximately 60 percent of the total 
precipitation is that amount of water which is directly lost to 
man due to evapo-transpiration in Ontario we obtain a figure of 
72,000 billion gallons. This amounts to 0.5 million gallons per 
day per square mile which theoretically would be available for our 
domestic, agricultural and industrial uses. 

In addition to having our surface water resources 
renewed by nature at reasonably regular intervals by precipitation. 
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vast quantities of water are held In storage In the lakes and 
additional quantities are moving through the ground to discharge 
to surface bodies of water. In a bustling metropolis the range of 
water consumption is generally 100 to 150 gallons per capita per 
day. This relatively high usage reflects the industrial water 
demand as well. In rural areas where homes may not be equipped 
with a pressure system the normal demand is about 10 gallons per 
capita per day„ In a residential village the average daily range 
of water consumption is 40 to 60 gallons per capita. 

Ontario has a population of approximately 7 million 
persons, A quick mental arithmetic calculation based on the above 
data will reveal the approximate water demand in this province. 
This figure should be compared to the amount available in order to 
realize the abundancy of surplus water. 

Records 

Various hydrological records are compiled and maintained 
by the different agencies of the federal and provincial governments 
A listing of some of these agencies is given below and pertinent 
Information may be obtained by contacting the relevant branch. 



Precipitation Records 



Meteorological Branch 
Department of Transport 



Streamflow Data 



Inland Waters Branch 
Department of Energy Mines 
and Resources 



Water Quality Records 

of Major Lakes and Rivers 

in the Province of Ontario 



Water Quality Surveys Branch 
Ontario Water Resources 
Commission 



Well Records, Provincial 
Streamflow Data, Records 
on Groundwater Tables 



Division of Water Resources 
Ontario Water Resources 
Commission 



Water Levels of the Great 
Lakes and Other Navigable 
Waterways 



Canadian Hydrographic Service 
Department of Energy Mines 
and Resources 



The latter records may be a useful guide when under- 
taking intake location studies. 
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QUALITY 

Another glance at the hydrologic cycle will indicate 
that the sources of surface water are direct precipitation, 
surface runoff and groundwater seepage or springs. A closer 
study of these sources reveals that the water is subjected to a 
number of factors which will influence the chemical, physical and 
biological quality of the water supply. In addition, a surface 
supply is always susceptible to polluting wastes discharged by 
industrial, municipal, agricultural, private domestic and other 
similar sources. This will also affect the quality of the water 
supply. 

Precipitation 

Water vapour condensed as clouds or precipitation present 
in the atmosphere is relatively free of any undesirable particles. 
However, as the precipitation approaches the earth's surface it 
absorbs oxygen, carbon dioxide and other gases from the air. It 
may also be affected by smoke, dust and various types of bacteria 
in its descent. It is, therefore, evident that rain or snow 
falling on rural areas is freer from these particles than that 
falling on cities. 

Rain water tends to be soft and saturated with oxygen 
but flat to the taste and somewhat corrosive. 

Ground Water 

It was described earlier that some of the water falling 
upon the surface of the earth percolates into the ground to become 
ground water. A more intensive discussion on ground water (than 
will be attempted here) is presented in another lecture „ However, 
you should be aware that in some cases ground water may again 
reappear on the earth's surface as ground water seepage or springs; 
thereby affecting the quality of the surface supply to which it 
may be contributing. 

The relatively slow movement of water percolating 
through the ground affords intimate and lengthy contact of the 
water with the minerals constituting the earth's crust. These 
minerals are soluble to some degree so that the water tends to 
increase in mineral content in its movement until some form of 
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stability is reached. The eventual chemical constituents present 
in the water is naturally dependent on the environment to which 
it has been subjected. 

Most ground water contains no suspended matter and 
practically no bacteria. Hence it is usually clear and colourless 
and of superior sanitary quality than surface water. 

In limestone formations ground waters tend to be hard, 
scale- forming in pipes and relatively non-corrosive. In granite 
regions the ground water is soft, low in dissolved minerals, 
relatively high in free carbon dioxide and actively corrosive. 

An important element in its consideration as a supply 
or as a significant factor of its influence or. surface supplies 
is its relatively constant temperature throughout the year. A 
general guide of its expected temperature is ground water 10 to 
50 feet below the surface is usually the mean atmospheric temperature 
of the locality. Below 50 feet the temperature increases roughly 
by 1*^, for each 60 feet in depth. 

The ground water may reappear on the surface In the form 
3£ a spring. This occurs when the ground water cable intersects 
the surface of the grounds Sometimes springs issue from rock 
fissures. In general the quality of water from a spring reflects 
the geologic formations of the locality In which they occur. 
Ordinarily, the availability of water from springs is limited and 
not dependable for supplying to a large community „ Consequently 
its use is often restricted to low-demand water areas or as a 
supplement to another supply. 

Surface Runoff 

As precipitation or ground water finds its way to its 
ultimate surface destination, its quality may undergo significant 
changes. As the water flows over the surface to a common collection 
stream, river or lake it may flow through wooded areas, swamps, 
agricultural fields and populated communities, 

A quick look at the- water quality or the influential 
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factors affecting It will be reviewed as it flows through these 
various environments. 

Wooded Areas 

A sample of water flowing through a wooded area or 
forest may Impart a faint vegetable odour due to the presence of 
a small amount of organic matter of plant origin. It may also 
exhibit a faint but noticeable colour. 

The water may be well oxygenated but low in carbon 
dioxide content. The water is generally in the neutral pH (7oO) 
range and contains little iron. 

Nutrients such as nitrates and phosphates are not 
commonly present in large enough concentrations to stimulate the 
growth of microscopic organisms. 

Agricultural Areas 

Drainage from agricultural areas may contain mineral and 
organic matter. All forms of nitrogen are generally present along 
with colour and turbidity. The water may lose some of its oxygen 
content as a result of draining through this fertile area. 

Furthermore, surface runoff from agricultural fields 
introduces nutrients in the form of nitrogen and phosphorus to 
lakes and river s„ This tends to stimulate and promote a prolific 
algae growth in the body of water. This particular aspect of 
uncontrolled nutrient discharge to our waterways is a major concern 
to the OWRC„ This Commission has initiated research programs of 
this nature in conjunction with other interested branches of the 
government to seek methods of averting the problem » Research 
publications have been issued indicating the problem and presenting 
recommended agricultural techniques which farmers should employ to 
curtail nutrient discharge to watercourses. 

Populated Communities 

The runoff water may accumulate in a stream and ultimately 
flow through a developed community. Hopefully there are no sources 
of untreated domestic and industrial wastes entering the watercourse i 
however y this is often not the case. 
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The chemical and physical condition of the water is 
dependent upon the nature and capacity of the pollution load 
entering the stream. The water works operator should be aware 
of the type of wastes that are or may be discharged to the stream 
so that effective treatment could be afforded at the plant at all 
times. Representatives from Industries should keep the water works 
personnel informed of any accidental or abnormal industrial waste 
spillages occurring upstream of the water treatment plant intake. 
This is to prepare the operators in making any adjustment in the 
treatment process so that a water of the desired quality is main- 
tained in the distribution system. 

The biological, chemical and physical characteristics 
of the water in the stream described above depends on the quality 
and quantity of the municipal waste discharge, A body of water 
whether it be a lake, river or stream is a natural habitat for a 
great number of minute organisms such as bacteria and algae. 
Particular species of micro-organisms are harmful to man (pathogenic) 
and must be removed or destroyed prior to human consumption. It 
is difficult to control what may be discharged into a surface water 
supply; therefore, this water should be adequately chlorinated 
prior to delivery to the distribution system. Specific instructions 
for chlortnation procedures have been set out in a bulletin by 
the Ontario Water Resources Commission and is available upon request. 

INTAKE STRUCTURES 

The intake refers to that portion of a surface water 
supply system that conveys the water from the source to the raw 
water pumping station or water purification plant. 

The intake is an expensive item and cannot be readily 
altered, enlarged or relocated once it has been constructed. 
Therefore, careful planning with respect to location, capacity and 
construction is needed. The location of these works is determined 
by existing facilities, economics and physical conditions. 
Capacity is normally provided well beyond Immediate needs and in 
relation to projected growth. The geological conditions of the 
site must be examined and related to the stability of the works 
and construction methods. 

The Intake is often situated well below the surface of 
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a lake or river where the water temperature is more constant and 
favourable than at the surface. 

The water works intake should be placed In water of such 
depth that bottom sediments are not stirred up by wave action and 
that ice problems are minimized. It should be located upstream of 
any storm or sanitary sewer outlets and well away from bathing areas. 
It should also be kept as distant as possible from marine traffic 
areas. The boating public should be made aware of the locations 
of the intakes. 

The following records taken for a period of at least a 
year would be valuable in assessing an area for the location of an 
intake structure i 

(1) High and low levels and flows 

(2) Water quality such as hardness, turbidity and colour 

(3) Average, maximxjm and minimum water temperatures in 
the zone where the intake is proposed to be placed 

(4) Location of tidal salt water intrusions 

(5) Water current patterns 



PIPELINES 

Some inland municipalities are experiencing water 
shortages to supply their domestic and industrial demands. To 
alleviate the problem the OWRC has entered into direct agreement 
with some of these municipalities on an individual or area basis 
to arrange, on their behalf, financing and construction of works 
that will provide them with water. The water is collected from 
surface sources where the supply is abundant, afforded complete 
treatment and pumped to the municipality. One such pipeline in 
existence extends for a distance of 30 miles and serves municipali- 
ties at intermediate and terminal points. 



CONCLUSION 



The source and abundancy of surface water in the Province 
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of Ontario has been reviewed. Water is necessary to a region if 
it is to continue to progress. With the rapid development in 
Ontario conservation practices will play an important role in 
resources management and development. 
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BASIC ELECTRICITY 

The word electricity la derived from the word 
electrum, which in Latin means amber, because the first 
electrical discovery was made In connection with amber. 
Amber and lodestone both have strong attracting qualities, 
Electricity is an invisible force of nature which may be 
controlled under certain well known laws. An electrical 
law is a fact or set of facts which have been proven by 
experiment. 



TOREE ELECTROSTATIC LAWS 

1. When two unlike unelectrif led bodies are rubbed 
together, one will take on a positive charge and the 
other, a negative charge. 

2. When an unelectrif led body comes in contact with an 
electrified body, it will take a charge similar to 
the electrified body (electro static induction). 

3. Like charged bodies repel and unlike bodies attract 
each other. As most of us have had some experience 
with small permanent magnets, we know that like poles 
repel and unlike poles attract. 

THE ELECTRON THEORY 

All materials are composed of atoms. An atom is 
a part of matter which may be divided into by electrical 
means. It is invisible. An electron is many times smaller 
than an atom. The atom consists of a positive centre or 
nucleus which comprises neutrons and protons and revolving 
around this nucleus are tiny negative electrons. The 
normal atom has an even balance of positive and negative 
charges. 
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STATIC ELECTRICITY 



Static electricity ig electricity at rest in the 
form of charges. It may be produced by means of friction 
or induction. It is of very little commercial value, 
because it cannot be used for light, heat or power. It is 
used for experimental purposes and for testing insulating 
materials, A typical example of static electricity, which 
I am sure you have all come in contact with it when you 
cross a floor with a heavy carpet on it and you touch 
something metallic on the other side such as a doorknob, 
etc., you will get a slight tingle in your fingers, 

MAGNETISM 

Magnetism is an invisible force of nature wlilcli 
seems to have always existed. The invisible force whicli 
exists between the poles of a magnetic is known as the 
magnetic flux, or lines of force. It is assumed to be 
always in motion, always in rotation. Lines of force lead 
at the North Pole of a magnetic and enter at the South Pole. 
First law of magnetism - like magnetic poles repel and 
unlike poles attract each other. Second law of magnetism- 
the force exerted between two poles of opposing magnets is 
inversely proportional to the square on the distance 
between them. Magnetism affects only magnetic metals, 
iron, steel, nickel, cobalt, etc. Nickel and cobalt are 
only fair attractions. 

Natural A Artificial M a gnet 

Natures magnet is lodestone. Artificial magnets 
are magnets made by induction, temporary, permanent, and 
electro -magnet. 

The Molecule Theory of Magnetism 

The little molecules which make up magnetic metal 
are tiny magnets, which line up with their North Pole all 
in one direction when the metal Is magnetieed. A temporary 
magnet is made of soft iron and has the qualities known as 
premeability. Premeability is a measure of ease which with 
magnetism passes through a substance; a permanent magnet 
is made of hard steel and has a quality known as retenta ti vi ty . 
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The Molecule Theory of Magnetiam (continued) 



Aetentativity Is the ability to hold the molecules lined up. 
Reluctance ia the oppoaition offered' to itaftgnetiam. 



Electro Magneta 

An electro magnet is a coll of inaulated vire wound 
on a soft iron core. The magnetiam ia produced by meana of 
a current paaaing through the coil of wire. 
Electro Magnetic Induction! when a conductor or wire ia 
moved through a magnetic field an elctrical preasure will 
be induced into it. The roltage induced into the armature 
of a generator will depend on three thlnga* 

1. The number of turna in aeriea. 

2. The atrength of the magnetic field. 

3. The apeed of the turning R.P.M. *a 
of the armature* will give the 
direction of the current flow. 



When given the direction of the current, to find 
the direction of the whirla, place the thumb pointing the 
way the current ia flowing and the fingera will give you 
the direction of the whirla. It ia important to note that 
only the right hand ia used. 



ELECTRO MAGNETIC INDUCTION 

Tranaformera 

A tranaformer ia a device uaed to increaae or 
decreaae A.C. Voltage. It conaiata of two aei>arate windings 
on a laminated iron core. One winding ia known aa the high 
tenaion winding and low voltage. The high tension voltage 
winding haa a greater number of turna and smaller wire. 
The primary aide of the tranaformer ia always connected to 
the source, the aecondary aide of the tranaformer is always 
connected to the load. 
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ELECTRO MAGNETIC INDUCTION 
Tranaf ormera (continued) 



When the transformer is to be used for a step-up 
transf oriner , the low tension winding us used on the 
primary. On a step-down transformer the high tension 
winding is used on the primary. Transformers are 99.6% 
efficient in high voltage but they are only about 86% in 
lower voltages. 




Ill 



CONDENSER 



energy. 



A condenser is a device used to store electrical 
erioi'BT^. It consists of two conductors, the plates which 
are separated from each other by Insulating material 
known as di-elec tries. The charges in a condenser are 
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D YNAMIC KLKCTRICITY 

Dynamic electricity is electricity in motion or 
current; current is necessary to operate electrical equipment. 
It differs from static charges in three ways: 

1. Its potential is lower. 

2. Its actual quality is much greater. 

3. It is continuous. 



I 
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r 
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■- Three methods of producing dynamic electricity are: 

1, Thermally be means of heat as by the thermo-couple in a 

r pyrometer. When two unlike metals are joined together 

and heat is applied to the joint, an electrical pressure 
will be generated, which will cause current to flow when 
the circuit is completed. 

m 2. Chemically by means of cells and batteries. When two 

unlike elements are Immersed in a chemical solution 
( electrolite) a chemical action takes place which 
generates an electrical pressure and causes current to 
flow when this circuit Is completed. 

3. Mechanically by means of generators and magnets. When a 
coil of wire is moved through a magnetic field an 
electrical pressure will be induced into the coil, which 
will cause current to flow when the circuit is completed. 

There are four effects produced by current: 

1, Heating effects such as lamps, toasters, irons, etc, 

2, Chemical effects such as in battery charging, electro- 
plating and electrolysis, (the chemical decomposition 
of water or other substances by electricity). 

3, Magnetic effect as in motors, buszers, relays, 
annunciators, etc. 

k. Physiological effect, the effect of current upon man and 
beast • 
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MOVEMENT OF DYNAMIC ELECTRICITY 

Movement can be compared or Illustrated by using 
as an example, a waterpiplng system. Pressure on piping 
in a system either by elevated tank or pump compares with 
voltage or potential in electrical terms. It is actually 
the driving force. The rate of flow of water through 
piping compares with amperes in electrical terms, and 
the friction of piping which retards water flow compares 
with the resistance or ohms in electrical terms. So, 
in water and electricity, we have somewhat a similar 
action when they are in motion. 

WATTS -OHMS LAW 

These laws are very important. They are used 
to calculate the four fundamentals of electricity-pressure 
or volts-current or amps - resistance or ohms and power. 
They should be memorised letter perfect. Every electrical 
circuit consists of three factors: volts-resistance-current, 
Ohms Law teaches the exact relation between the three 
factors. 

S ERIES AND PARALLEL (See Figures 1,2,3 * *») 

A simple and practical electrical circuit consists 
of a source of energy, a load, and a means of control, A 
series circuit is where the current has only one path from 
the source all the way around and back to the same source. 
Current will follow the same rate through each device in 
a series circuit. Naturally, the voltage across each 
device will have to be added, A parallel circuit is 
where the current has two or more paths. Current in any 
path depends on the resistance in that path, 

ELECTRICAL CONDUCTIVITY 

As we know the atom is comprised of electrons 
and protons. Electrons have a negative charge and protons 
have a positive charge. In conductors, electrons move 
freely. Conductors are used in controlling and harnessing 
electricity in a given path or flow. Insulators, as you 
know, restrict the flow of electrons and this method 
of Insulation protects against contact with live parts of 
the conductor and the better the insulation the higher 
the resistance against it. Thus, by means of conductors 
and insulators or insulation we can safety supply 
electricity to the systems and controls through switches 
and controllers, etc. 
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SAFbT Y SWITCHES - tm EAKEHS AND CON i'H OLS 

On all our electrical ottuiptneiit we have controls 
and electrical protective devices used to safely control 
their operation. Fusing on electrical switches and 
current limitations on electrical breakers are the first 
line of protection for the equipment; their uses are 
simply to protect from any overcurrent above the equipinent 
rating, that may damage same. So, do not put a higher 
rated fusing than the rating of the conductor or equipment 
can safely carry. When you do overfuse the known rating 
of equipment, you are making it prone to damage, through 
high current which may occur in your electrical system. 

There are many fuses to choose from and they have 
different time limits for blowing. Some fuses are of 
the re-newable type; others are called one-time. All 
fuses should be pulled and installed with a proper fuse 
puller. 

Circuit Breaker 

A circuit breaker may be described as a device 
for making and breaking a circuit under normal and abnormal 
conditions. As with fuses, the continuous current rating 
of a circuit breaker is determined by the rating of its 
trip element, which is the value at which the circuit 
breaker will trip automatically on overload or short 
circuit currents. 
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MAINTJiNANCE OK MOTOH MAGNETIC S TARTKRS (Continued) 



A check list should be dravn up of the various 
points to check on an average motor contacto or control, 
as followsi- 




In general, good maintenance of motor starting 
equipment requires a good systematic program of steady 
inspection. ¥ith properly designed equipment, the 
frequency of inspection will depend on the normal waar 
and tear on the equipment. Experience will soon Indicate 
the equipment subjected to severe service, and which will 
of course, require more frequent inspection. 

All maintenance personnel should be thoroughly 
trained and supplied with up to date wiring and 
schematic diagrams, also operation and sequence manuals. 
The maintenance man should be trained to make fast, thorough 
Inspections and safe temporary repairs if it is going to 
take too long to make permanent repairs. Permanent repairs 
can be made at a more opportune time when the equipment 
can be spared from service. 

Reports of troubles must be made out, and 
complete records kept of all maintenance and inspection. 

Ati adequate supply of renewable parts should 
be available, such as solenoid coils, spare contacts, etc. 
Parts that frequently require renewal, are generally 
inexpensive and easy to obtain from the manufacturer of 
the equipment. 
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ON riRST AID 

All personnel shall have some training in first 
aid. The knowledge of knowing how to employ artificial 
respiration is a must. For if a victim received a severe 
electrical shock he is sometimes knocked unconscious and 
it is of the utmost Importance to use this method to 
revive him. 

If the victim cannot let go of the electrical 
conductor, throw the disconnect switch. If this is not 
possible use something like a dry stick to push him away 
from the electrical conductor. Once again, I stress the 
use of electrical Safety gloves on the site and once 
again please be careful. Ve like to see you around. 
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MOTOR CONTROL CENTRES 

If we inspect a typical Motor Control Centre in 
our plants, we note that the control centre is composed 
of a number of different motor control panels. Each 
panel is fitted with its own motor control components which 
are usually as followsi- 

1. Moulded-Case Circuit Breaker 

2. Motor Magnetic Contactor 

3. Control Transformer 
U. Control Fuse 

5. Terminal Strip 

Each of these individual motor control panels is 
designed to "Plug-In" to 3 vertical bus bars in tlie rear of 
the control centre to provide a three phase-550 Volt-60 
cycle alternating current to energine the electric motor 
which .Is connected to that particular control panel. 

If we trace the wiring inside the control panel, 
we note that the "Plug-In" three phase electrical supply 
is connected to the top or " LINE " side of the Moulded-Case 
Circuit Breaker, When the breaker is switched "ON" the 3 
phase supply is fed from the "LOAD" side of the circuit 
breaker into the top or LINE side of the Motor Magnetic 
Contactor to 3 heavy stationary contacts. A two pnase 
supply Is also connected to the PRIMA RY winding of the 
control transformer where the 550 volt supply is reduced to 
a safer control voltage of 120 Volt. 

In turn, the 120 Volt Control Voltage is supplied 
through a small control fuse to Push-Button-On/Of f stations, 
from whence It is forwarded when required, to energize a 
solenoid coil inside the Motor-Magnetic-Contactor. When 
the solenoid coil is energized, it exerts a magnetic pull 
on the moving or LOAD portion of the magnetic contactor and 
closes same. 

As the magnetic contactor closes, the three 
heavy contacts which are connected to the 3 phase supply, 
make contact with 3 matching contacts on the moving 
portion of the contactor which has been pulled in by 
the solenoid coil's magnetic influence. 
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MOTOH CONTROL CENTRES (continued) 



The 3 phase 550 Volt Supply Voltage is now 
fed from the LINE side of the contactor to 3 terminals 
on the terminal strip, usually marked, Tl , T2 , T3, 

From these 3 terminals, 3 motor cables are 
connected to the motor stator windings, so that now, a 
3 pliase 550 Volt 60 Cycle, A, C, electrical supply Is 
connected directly to the motor windings to energiee 
and turn the motor. 

in the full operation of the motor control 
circuit as was just described, it would be necessary to 
continue pressing the "ON" button in order to energiee 
the motor contactor solenoid coil. This is, of course, 
out of the question, so therefore the motor contactor 
is fitted witn auxiliary contacts to make a retaining 
circuit once the contactor is closed so that the 
solenoid is now supplied with electricity from another 
source and the press button can then be released. 

When a "STOP" button is pressed, the control 
voltage to the solenoid Is interrupted and the magnetic 
contactor opens to disconnect the 3 phase 550 volt 
supply from the motor windings to stop the motor. The 
contactor will remain "OF" until the "ON" button is 
again pressed. 



MAINTENANCE OF MOTOR MAGNETIC STARTERS 

Modern Motor Magnetic Starters have been designed 
to operate successfully for millions of successful 
operations, but like other types of moving equipnaent, 
are subject to wear and eventual failure or breakdown. 

The maintenance man must anticipate such 
ultimate failure, and make the all important repairs or 
replacements ahead of the estimated time of failure. 

There are certain things that must be inspected 
weekly, others monthly, and yet others quarterly or 
every six months. 
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OPERATION OF AUXILLIARY STAND-BY 
POWER EQUIPMENT 
DIESEL AND GASOLINE ENGINES \ 

A. Davies J 

Technical Specialist ] 

1 

< 
The following deals with the basic principles which are applicable to all 

engines. However, engines ol different types and makes differ greatly in de- 
tails. Therefore, for specific nstructions regarding a particular make of 
engine one should always refer to the engine builder's manual. 

f 
Both diesel and gasoline engines are internal combustion engines. An 
internal combustion engine is classified as a heat engine whereby its power is 
produced by burning fuel. The power stored in the fuel is released when it is 
burned. The word internal means that the fuel is burned inside the engine 
itself. The most common fuel used are diesel oil for diesel engines and 
gasoline for gasoline engines. An ample supply of oxygen is required for 
proper combustion. 

BASIC ENGINE PARTS 



The most essential of these parts that make up both diesel and gusoline 
engines arc: the cylinder, cylinder head, piston rings, connecting rod, 
crankshaft, flywheel, valves, camshaft and craokcase. 

Cylinder 

The cylinder is made of cast-iron. It is round and has a finely machined 
surface in which the piston slides up and down. 

Cylinder Head 

The cylinder head is made of cast iron, and is boltt^d tightly to the top 
of tiie cylinder. It also forms the top of the combustion chaml)er. It 
contains the fuel injector for a diesel engine imd a spark plug tor the gasoline 
engine. 
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Piston 



The piston, commonly made of aluminum, slides up and down in the 
cylinder. The duties of the piston are to compress the air charge and to receive 
the pressure of the burning and expanding gasses. 

Piston Rings 

The piston rings provide a tight seal between the piston and the cylinder 
wall. Without the piston rings the expanding gasses would escape into the 
crankcase. The piston rings also reduces friction and control lubrication of 
the cylinder wall. 

Connecting Rod 

The connecting rod, made of steel, connects the piston and the crankshaft. 
It is the duty of the connecting rod to transmit force in either direction between 
the piston and the crank on the crankshaft. 

Crankshaft 

The crankshaft, made of steel, converts the reciprocating motion of the 
piston into rotary motion. 

Flywheel 

This Is a very heavy wheel made of cast iron. It is fastened firmly to the 
crankshaft and its purpose is to smooth out the operation of the engine. When 
the force of combustion pushes the piston down, the momentum of the flywheel 
helps to move the piston back up the cylinder. This eliminates the intermittent 
jolts of power during combustion. 

Valves 

The valves are used to admit air and discharge the exhaust gasses from 
the cylinder. 

Camshaft 

The camshaft is driven by the crankshaft and controls the opening and 
closing of the inlet and exhaust valves. On diesel engines it operates the fuel 
pump. 
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Crankcaae 

The crankcase made of cast iron, houses the crankshaft and has bearing 
surfaces on which the crankshaft revolves. 

The lubricating oil pump and reservoir of oil are located in the crank- 
case. 

Both types of engines are provided with starting motors to crank the 
engines. 

CYCLES OF OPERATION 

Diesel and gasoline engines operate on either the two-stroke or four- 
stroke cycle of events in each cylinder. This means that it requires either 
two strokes or four strokes of the piston to: 

1. draw in a charge of air 

SL compress it to a high pressure and temperature 

t. burn the fuel and allow the gasses to expand 

4w deliver their power to the crankshaft and blow out the exhaust 

gasses so that the cylinder is ready for the next cycle. 

One revolution of the crankshaft completes a cycle in a two-stroke 
cycle engine. Two revolutions of the crankshaft completes a cycle in a four- 
stroke cycle engine. 

The most common method of engine operation is the four-stroke cycle. 
It is an efficient and successful producer of power. Its operation is explained 
in detail below: 



HOW mESfc:L AND GASOUNE ENGINES WORK 

The main difference between a diesel and a gasoline engine lies in the 
"Ignition system" . In a diesel engine the high temperature of the compressed 
air produces the ignition. In a gasoline engine, a spark produced by a magnito 
or battery-coil ignites the fuel. 

OPERATION OF THE FOUR -STROKE CYCLE 

1. Suction 

In the gasoline engine, fuel and air mixture are drawn into the 
cylinder during the first or induction (suction) stroke. In the 
diesel engine, however, only filtered air is drawn into the 
cylinder. 

2. Compression 

During the second stroke of the gasoline engine, the fuel and 
air mixture is compressed to a suitable pressure prior to 
ignition. 

In the case of the diesel, the air is compressed to a much 
higher degree and, therefore, becomes extremely hot. 

3. Expansion 

During the third stroke of the gasoline engine, the compressed 
fuel and air mixture has been ignited by an electrical spark 
from the spark plug. 

In the diesel engine, raw fuel is injected at high pressure in the 
form of an automized spray into the already hot compressed 
air in the engine cylinder. This causes the fuel to ignite and the 
rfesultant expansion in the cylinder gives us the power stroke. 

4. Exhaust 

During the fourth and last stroke of both the gasoline and diesel 
engines, the burnt gasses are expelled from the cylinder prior 
to the next stroke and new cycle. 
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OPERATING POINTERS 

For efficient operation, both diesel and gasoline engines require: 

1, Air - An abundant supply of air for proper combustion which 

must be filtered to prevent internal engine surface from 
being damaged by abrasive material the air might carry. 

2» Fuel - Good quality, clean fuel with the best filtering 

system between supply tank and engine. A constant supply 
must be maintained. 

3, Lubrication - High grade quality of lubricating oil and a 

reliable pump driven off the engine to deliver oil 
continuously at pressures ranging from 30 to 75 p. s. i. g. 
(depending on manufacturer recommendation) to hundreds 
of moving parts. 

A filtering system to remove sludge and dirt. 

4^ Cooling 

An efficient cooling system to maintain a working 
temperature of no less than 165^F and not higher than 180°F 
on jacket water and not over 150° F on lubricating oil. 

5. Speed Control - To maintain a definite speed or a specific 

speed range without speed fluctuations a governor is 
required to control fuel in accordance with engine load. 

G. I gnition Systems ; 

Gasoline Engine 

In a gasoline engine the carburetor must prepare a mixture 
of gasoline and air in the correct proportion for burning in 
the combustion chamber. 

A magnito or battery-coil system provides the spark to the 
spark plug for the ignition. 






Z - 6 



Diesel Engine 

In a dieoel engine, the fuel pump meters and forces fuel 
under very high preesure into the injector where it is 
discharged in an automized form into the cylinder. 

The heat of the compressed air in the cylinder ignites 
the fuel. 



7. Starting System 

The starting battery is the most important part of the system 
and should never be ignored. It should always be kept fully 
charged. 

Many plants are equipped with very efficient two rate battery 
chargers which should be used in order to keep the battery 
fully charged without damage from overcharge. Keep battery 
filled with distilled water and test frequently. 

TEST STARTING AND RUNNING ENGINES 

Every auxilliary stand by unit should be test started and run for a period 
of two hours at least once a week. This running period in addition to bringing 
engine to running temperature will eliminate rapid carbonization, drive out 
condensation and maintain a film of lubrication - so necessary on all bearing 
surface. 

PERFORMANCE RECORDS 

Complete records of engine performance should be kept. Whenever the 
engine operates, record the following: 

Cooling water temperature, Lube oil pressure and temperature, 
Exhaust temperature, if equipped, Electrical or other load data, 
R. P. M. and total running hours. 

It is in these records that the watchful operator spots small troubles when 
they can be cured inexpensively. A comparatively minor engine trouble, if not 
recognized and remedied in its early stages, may easily develop into a major 
breakdown. 
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